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INTRODUCTION 
In the early 1980s, the Tropical Products Institute (a forerunner of 
NRI) published a two volume report entitled Fish Handling, 
Preservation and Processing in the Tropics . It was written to provide 
a basis for middle management training courses in government and 
industry in tropical developing countries . 
Over the years, the publication has been one of the most popular 
of NRI's series of technical and scientific reports; it has been 
reprinted on a number of occasions and distributed to thousands of 
people worldwide. 
The present book is an updated version of the original. It is designed 
to bring to a lay audience the basic concepts behind post-harvest 
fisheries science and technology, and to assist the non-specialist 
with decision making. Readers familiar with the previous publica-
tion will find that parts of this book have been extensively revised. 
Where possible, a list of suggested further reading has been inclu-
ded at the end of each chapter so that more details can be obtained 
if required . If readers have difficulty in obtaining these publications, 
or need further information, the fisheries group of NRI can be 
contacted for assistance. 
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1. WORLD FISHERIES 
Most definitions of fishing would include the capture (or culture) 
of not only fin fish but also the crustacean and molluscan shellfish, 
whales, seals, turtles, crocodiles, other mammals and reptiles, 
algae, or in fact, any aquatic life. Fishing in this broad sense is the 
last remaining hunting activity of man. In almost every other food 
producing industry, the raw material is under the control of the 
producer long before the harvest. The implications for the fish tech-
nologist are obvious; he must be prepared to deal with widely 
different raw materials. The increasing importance of aquaculture, 
or the farming of aquatic organisms, should be mentioned. It com-
plements capture production and is becoming more important as 
the pressure on natural resources to feed and support an increasing 
world population intensifies . 
FISH AS FOOD 
Aquatic resources are finite and unless man intervenes in some way 
to increase productivity by culture, habitat improvement, or 
restocking for example, there will come a time when the quantity 
of fish available cannot be increased to meet the needs of the increas-
ing world population . 
The technologist's or processor's task is to make the best possible 
use of the raw material available, ensuring that the consumer is 
supplied with the products required in the form desired. Therefore, 
the processor should understand both the science and the technology 
of the processes used so that he can modify them as needed. He 
should also understand market demand. Processors who can modify 
pr cedures through scientific understanding are usually called 
t chnologists; technicians, on the other hand, carry out routine pro-
cesses but they are not trained to modify or improve on.·them. Now, 
and in the immediate future, there is a need to up-grade and improve 
many products so that they keep better, are more attractive to 
Cons;nners! and are safer to eat. There.is also a need to find ways 
of u mg am mals not commonly eaten at present in order to devise 
new Pr?ducts. Examples include efforts being made to use krill, the 
mall fish species comprising the by-catch in shrimp fisheries, and 
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in the consumption rates of fish in different parts of the world. In 
the developed countries of North America, western Europe and 
Qceania, fish consumption rates, and in take of animal protein, are 
generally much higher than in less developed countries (Table 1). 
There are also differences in consumption between areas within an 
individual country and between countries. It is estimated that 60% 
of people in developing countries obtain 40-100% of the animal 
protein in their diets from fish. 
In South American countries, more meat tends to be consumed than 
fish, whereas in countries in the Far East and Africa, higher percen-
tages of fish are eaten. Animal protein is generally expensive. Table 
1 shows th e varia t ion s in total protein intake, and in animal and 
fish protein intake, for people in various regions of the world. 
Table 1 Protein supplies of the world (kg/head of population/year) 
Region Total Animal Fish 
Former USSR 36.6 18.3 3.1 
Europe 35.7 19.8 1.6 
Northern and Central America 34.0 20.3 1.2 
Oceania 33.1 21.0 1.5 
yYorld 25.3 8.7 1.4 
Latin America 24.2 10.9 0.9 
Asia 21.6 4.2 1.2 
Africa 21.2 4.7 0.9 
Somccs: Data derived from Utilization of Tropical Foods: Animal Products 1991. FAO Food and 
NutTition Paper 47/8. 
A significant amount of loss occurs in world fisheries. It is estimated 
that as much as 25% of the dried fish produced provides nothing for 
the consumer or produceri this is a consequence of physical, econo-
mic and nutritional losses. It is important for the fish technologist 
to be able to identify where such losses are occurring and to reduce 
then'l so that this increasingly valuable source of protein can be used 
more fully. As well as reducing post-harvest losses in both cured and 
wet fish, there are other issues which need to be addressed to enable 
more efficient use of fishery resources. These issues include fish 
caugl~t accidentally and discarded at sea (by-catch) and under-
ex11l t · f ' 01 atwn o resources. Table 2 outlines the areas to be addressed 
and provides es~imates of the potential yield available. 
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Table 3 Comparison of artisanal and industrial sectors 
Amount of fish caught for 
human consumption 
(million tons) 
Amount of fish caught for 
reduction to meal or oil 
(million tons) 
Total number of fishermen 
employed 
Capital cost of each job on 
fishing vessels (US$) 
Total fuel consumption 
(million tons) 
Amount of fish caught for 
each ton of fuel consumed 
(tons) 
Number of fishermen 
employed for each US$ 
million invested 
Amount of fish produced for 
each US$ million invested 
(tons) 
Industrial/ commercial 
fishing fleets 
32 
22 
Approximately 
500 000 
10 000-100 000 
10-15 
2-5 
10-100 
400-4000* 
Artisanal/ small-scale 
fishing fleets 
27 
Almost none 
Over 10 million 
100-1000 
Approximately 1.5 
10-20 
1000-10 000 
5000-15 000 
Source: Based on 1984 production figures. Fuel and capital estimates based on selected studies 
including: WEBER, FONT ANA, Courier No. 85, Dakar, 1984. 
''The higher figure applies only to a few large purse-seining vessels working for reduction plants. 
l'rom: Jndusuial Development Strategies for Fishery Systems in Developing Countries. UNIDO 
- Scctoral Studies Branch. New York: Marcel Dekker, Inc. Copyright 1990. 
These factors all have implications when considering how a fishery 
should be developed. Efficiency, in the sense of best use of finance, 
n1ight require that large vessels manned by highly trained crews 
should operate from modern ports with sophisticated fishing 
n1ethods and equipment. Common sense, however, suggests that 
those responsible for development should also consider the·plight 
of the numerous small-scale fishermen and others who would be 
tlriven out of employment if too much emphasis was suddenly 
placed on the modernization of the fishing industry. Even if 
employment was not directly affected, the sudden arrival on the 
~a~ ~t f very large quantities of fish could depress prices and make 
lt dlllicult fm the small boat fishennan to survive. 
UTILIZATION 
lt is possible to make a great range of products from the enormous 
vancty of fish which can be caught. These products will have very 
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When dealing with new fisheries, one further point should be noted. 
Fish from these fisheries will often be larger, older, more heavily 
parasitized and tougher to eat that those which will be caught once 
the big fish have been removed. Therefore the technologist should 
constantly guard against making too many assumptions about the 
raw material he has to process. 
FURTHER READING 
BURT, J. R. et al. (eds) Pelagic Fish: The Resource and its Exploita-
tion. Oxford, UK: Blackwell Scientific Publications Ltd. 
CONNELL, J. J. (ed.) (1990) Control of Fish Quality, 3rdedn. Oxford, 
UK: Blackwell Scientific Publications Ltd. 
FAO Fishery Statistics Year Books. Rome: Food and Agriculture 
Organization of the United Nations. 
FAO (1989) Yield and nutritional value of the commercially more 
in1.portantfish species. Fisheries Technical Paper, No. 309. Rome: 
Food and Agriculture Organization of the United Nations. 
MORRISSEY, M. T. (ed.) (1988) Post-harvest Fishery Losses. Pro-
ceedings of an International Workshop held 12-16 April1987 at 
the UniversityofRhodeisland, Kingston. Kingston, Rhode Island: 
International Centre for Marine Resource Development. 
SAINSBURY, J. C. Commercial Fishing Methods. An Introduction 
to Vessels and Gear. Oxford, UK: Blackwell Scientific Publications 
Ltd. 
SWIFT, D. R.Aquaculture Training Manual. Oxford, UK: Blackwell 
Scientific Publications Ltd. 
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Nutritional and Chemical Composi tion of Fish 
CARBOHYDRATES 
Fish contain far less carbohydrate than foods of plant origin. The 
small amounts present can be ignored as far as their nutritional value 
is concerned, but they have important consequences for fish quality 
during processing. The major carbohydrate in fish muscle is glyco-
gen which is a polymer of glucose. A typical muscle in a live fish 
or crustacean may contain between 0.1 and 1.0% glycogen. 
Molluscs have a high glycogen content, typically in the range 1 to 
7%, but it can vary seasonally and declines rapidly after death, 
especially during the stress and struggle associated with capture. 
In most species, the products of glycogen decomposition include 
small amounts of glucose, sugar phosphates and pyruvic acid, and 
slightly larger amounts of lactic acid . The rapid reduction of 
glycogen to lactic acid is important during short periods of intense 
activity as energy can be released by this reaction by fat oxidation. 
Some species of molluscs produce a mixture of alanine, succinic acid 
and octopine instead of lactic acid. 
WATER 
Water is the major component of all species and types of fish. Typi-
cally, water content ranges from 70 to 80% of the fresh weight, 
although some deep water species may contain in excess of 90% 
(Table 8) . There are seasonal variations, and a slight increase occurs 
when the fish is starving ·(typically a rise of 1-2% in demersal 
species but perhaps as much as 17 % in pelagic species) . The water 
content may also rise slightly if the fish are stored in melting ice 
or refrigerated sea water. In most bony fish, the fat and water content 
combined make up approximately 80% of the fresh weight. In 
simple terms, the high water content can be held responsible for the 
perishability of fish. 
MINERALS 
Most of the known inorganic elements or minerals can be detected 
in the human and fish body, but only about fifteen of those known 
to be essential to man n eed to be derived from food. A further five 
or more are necessary in minute amounts for normal life in some 
animal species, and these may yet prove necessary for man as well . 
24 

















































































Chilling Fish Using Ice 
TYPES OF ICE AND ICE MAKERS 
Ice can be made in a variety of ways to produce the two basic types, 
block-ice and small-ice. Block-ice is made in different sizes and 
shapes, and can weigh from 12 to 150 kg. Small-iceplants are named 
after the type of ice they produce; these are flake-ice, tube-ice and 
chip-ice plants for example. 
Block-ice plants 
Until recently, ice was usually made in block form. Rectangular 
moulds or ice cans are placed in tanks filled with refrigerated sodium 
or calcium chloride brine; calcium chloride brine is more common 
but both are likely to corrode the cans . Typically, these plants take 
12-24 h to produce block-ice. The blocks are usually stored in 
refrigerated, insulated stores but small plants with a rapid turnover 
may be able to manage with a simple, insulated store without 
refrigeration. 
Before block-ice can be used to chill fish, it must be crushed or 
broken into small lumps either by mechanical crushers which can 
often be made locally, or by hand crushers. As the crushed ice has 
a larger surface area than the blocks, it melts more rapidly, so some 
boat owners find it more economical to take blocks of ice to sea and 
crush them by hand as necessary . 
In modern plants, the ice cans are manipulated using a travelling, 
overhead crane. They are automatically filled in batches and lowered 
into the brine tanki this is then covered with wooden, insulating 
boards. When the water has frozen, the cans are lifted out using the 
overhead crane; they are lowered into a thawing tank filled with 
ambient-temperature water so that the ice can be released from the 
sides of the can. The cans are turned on their sides and the ice blocks 
slide down a chute for storage (Figure 11). 
Block-ice plants occupy a relatively large amount of space and 
produce ice slowly. The large blocks, which may weigh up to ISO 
kg, are cumbersome and the irregular-shaped lumps of ice produced 
by crushing can cause p,hysical damage to delicate fish. However, 
block-ice has the advantage of melting re la ti vel y slow 1 y while still 
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Freezing Fish 
(a) slow freezing produces large ice crystals in the cells of the fish 
which, as they can be larger than the cells themselves, can 
break the cell walls; 
(b) as water begins to freeze in the flesh, it tends to freeze out as 
pure water; the remaining liquid water therefore contains a 
higher concentration of salts and enzymes, and these can 
accelerate autolysis; 
(c) at around 0 °C, certain types of bacteria are still active so 
bacterial spoilage will slowly continue. 
The end result and most apparent effect of slow freezing is the 
textural change caused by the break-up of the cells of the fish. In 
addition, water originally bound within the cells will be lost, and 
this will produce increased drip when the fish are thawed. Thaw drip 
can cause a considerable loss in weight and a poor dry texture when 
eaten; it can also be increased by fluctuating cold store temperatures. 
Even if a product is frozen quickly so that only small ice crystals 
are formed at this stage, the water may partially defrost if the product 
is held at fluctuating cold store temperatures. The small crystals 
will become larger and larger and cause the same sort of effect on 
complete defrosting. 
From a textural point of view, it is unlikely that a taste panel would 
detect any difference between fish passing through the thermal 
arrest period in 1 h and those frozen in 8 h; once the freezing times 
extend beyond 12 h, however, the difference may become apparent. 
Freezing times of 24 h or more will almost certainly result in inferior 
products, and very long freezing times can result in the products 
being unfit for consumption because of bacterial spoilage . 
DEFINITIONS OF FREEZING 
Quick freezing 
Although quick freezing is a term which is commonly used in the 
food industry, it has no globally accepted definition. In the UK, 
quick freezing of fish i gen erally defined as lowering the tempera-
ture from - 1 ° C to - 5 ° C (the thermal arrest period) in 2 h or less, 
and further reducing the temperature at the end of the freezing period 
to the recommended storage temperature of -30 °C. This 
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definition ha two important parameters: fast passage through the 
thennal arrest periodi andreductiop to low temperature. These go 
wgether as it is likely that a freez r capable of achieving a thermal 
arrest period of 2 b or less will operate at sufficiently low tempera-
;ures to ensure that the recommended storage temperature is 
reached. The recommendation that fish should be reduced to the 
intended storage temperature is important and should be included 
in all codes of practice for quick freezing. 
Freezing rates 
some .freezing codes and recommendations define freezing in terms 
of thickness of fish frozen in unit time. The freezing rate, however, 
is a} way faster nearer the surface of the fish which is in contact with 
the cooling medium, and slower in the centre. Freezing rates are 
therefore only average values. Table 28 shows some of the terms 
used in relation to freezing at different rates. 
Table 28 Terms used in relation to freezing rates 
Term used 
Slow freezing 
Quick freezing 
Rapid freezing 
Ultra rapid freezing 
Rate of freezing (mm/ h) 
2 
5-30 
50-100 
100-1000 
The term 'freezing rate' may be better applied to the time taken for the 
centre of a product to reach a certain temperature; this is often the case 
in commercial operations. 
Sharp freezing 
This term is often used when referring to the freezing of fish, but it has 
no precise definition; in practice, sharp freezing is often slow. 
Deep freezing 
Deep freezing is defined by the International Institute of Refrigeration 
as a process whereby the average temperature of a product is reduced 
to 0 op (- 17.8 °C) and then kept at 0 op or lower. This definition does 
not take into account the rate of freezing, and a product that has been 
deep frozen may not necessarily have been quick frozen. 
Sashimi freezing 
?ne ~xception to the general requirements for quick freezing is the 
reezmg of fish (usually tuna) for the Japanese sashimi (raw fish) 
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market. The tuna used for sashimi can be very large (60-100 kg) 
and they have to be frozen gutted but in the round. The vessels which 
catch these fish operate blast freezers at -50 °C t - 60 °C, but heat 
extraction from the centre of very large fish is still slow; it often takes 
24 h to freeze them completely. The requirement for air blast 
freezing of tuna is one special case in which the general rules for 
quick freezing are impractical. It hould be noted that local require-
ments for particular products may give rise to other special cases. 
Although the overall freezing time with large1 whole tuna may 
exceed the normal recommended limits, each individual section of 
the fish is frozen within an acceptable time as the freezing front 
advances into the deeper parts of the fish. 
Double freezing 
Double freezing means freezing a product, thawing or partly thawing 
it, and then re-freezing it. This process is often used when making 
frozen fish products from raw material which has previously been 
bulk frozen. 
Cod frozen whole (gutted) at sea in vertical plate freezers is often 
used for the production of items such as fish fingers or sticks. The 
whole frozen fish are defrosted and filleted; the fillets are then re-
frozen into blocks for sawing into uniform pieces for fish stick 
manufacture. 
The intemational trade in frozen tropical prawns provides another 
example of double freezing. The prawns are often frozen into 2 kg 
(or Slb) blocks inhorizontalplatefreezers in their country of origin. 
The frozen blocks are exported to other countries where they are 
defrosted; the prawns are then separated and re-frozen as individual 
quick frozen products, consumer packs, ready meals, etc. 
In both examples, it is vitally important that only first class raw 
materials are used for freezing, that the freezing and thawing 
processes are strictly controlled, and that hygiene and quality 
control procedures are adhered to, if the final product standards are 
to be maintained. 
FREEZING METHODS AND EQUIPMENT 
There are several ways in which fish can be frozen, but all require 
specialized equipment to effect the necessary rapid drop in tempera-
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ture and reduce the core temperature sufficiently to ensure that the 
. ·oduct can be safely placed into cold storage. If unfrozen fish are p~mply put into a cold store running at -30 ° CJ the temperature will 
51
0 t be reduced sufficiently quickly and poor quality frozen fish will 
Ilesult; cold stores are designed to hold fish already frozen, at low ~elllperatures. The types of fteezer in common use can be divided 
into the following three categories. 
(a) Those in which a stream of cold air absorbs heat energy from 
the product as it passes over them, thereby reducing their 
temperature. These are generally known as air blast freezers. 
(b) Those in which heat is absorbed when the products are placed 
in contact with a refrigerated surface. These are generally 
known as contact freezers. 
(c) Those in which heat is rapidly absorbed from products sur-
rounded by a cold liquid or a spray of liquid. These are 
generally known as immersion freezers. 
AIR BLAST FREEZERS 
The main advantage of air blast freezers is that they can be used to 
freeze different sizes and shapes of product without adaptation and 
are therefore versatile. However, they tend to occupy more space 
than other freezers and consume more energy; because of their 
versatility, they are often used inefficiently as well. The greater 
energy consumption can be attributed to their larger size, greater 
internal volume, heat transfer through the insulation, and air 
circulation system. 
As the name suggests, air blast freezers operate by blasting refrigera-
ted air over a product to remove heat. Air is usually blown by means 
of a fan through a finned cooling coil (evaporator) to produce cold 
air. This cold air then passes over the product which needs to be 
frozen, picks up heat from the product and the walls of the freezer 
etc., and returns to the evaporator for reduction of temperature. The 
air circulation needs to be efficient, and there are several factors 
Which may affect the freezing rate of fish. 
(1) Air speed Although a faster freezing rate is achieved with 
a faster air speed, a lot of energy is expended through convec-
tion. This is because the air flow will never be completely 
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uniform and generally, the larger the fan the more expensive 
it becomes to circulate the air. A compromise between high 
costs and low freezing rates is therefore necessary. Air speeds 
are usually about 5 m/ s, but this can be increased to 10 or even 
15 m/sin continuous freezers where size is a limiting factor. 
(2) Tempemture If the temperature of the air as it passes over 
the product is too high, the f-reezing rates of the more remote 
products will be reduced. Normal air temperatures are 
between - 30 °C and -40 °C with an acceptable average rise 
of between 1° and 3 ° as the air passe over the product. It 
hould be noted1 however, that this is an average rise, and that 
higher temp rature rises will be experienced during the early 
part of the freezing cycle when the product is still relatively 
warm. 
( 3) Air flow Uniform air flow is essential for efficient operation. 
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The design and operation of the freezers affects this in the 
following ways. 
(a) Fans should always be positioned o that they can blow 
air through the cooler. The cooler evens out the air flow 
and absorbs the heat generated by the fan before the air 
reaches the products. It is important to remember that the 
fan bearings will need regular lubrication. 
(b) The fans must be designed and encased in such a way that 
the majority of the air flow passes through them and 
immediate recirculation of air is prevented. 
(c) As the air circulates inside the freezing chamber, baffles 
will be required, particularly where the air direction 
changes, to produce a uniform flow over the products. The 
pitch of the baffles may be adjustable so that differing 
operating conditions can be met. 
( d J In order to ensure uniform air circulation over the product 
and thu , uniform and rapid freezing, it is important to 
tack and layer the produ~t correctly on the freezing trays 
or trolleys. Air will always take the easiest path. If a blast 
freezer i only partly filled, it is best to load it so that the 
air passes evenly over all the product (Figure 33). Even 
spacing throughout the freezer will ensrue even air flow 
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and uniform freezing rates. If the freezer has a very small load, 
it might be advisable to block off some areas of air flow 
completely so that maximum use can be made of the air flow. I. A ............. S :~··············· · ~············~ \~ ': : 
................. ~
a Correct method b I ncorrec!__rm•thod 
Figure 33. Part loading a blast freezer. 
( 4 J Frosting During the freezing process, there is loss of water 
from the surface of the fish, mainly in the early stages of 
freezing. This moisture is deposited and frozen on to the 
freezing coils of the evaporator. If this ice is allowed to build 
up it will restrict the air flow, so defrosting of the evaporator 
will be necessary. If ice collects on the evaporator coils, the 
heat transfer will be slow and the air will be less effectively 
cooled. If the evaporator becomes fully iced up, there will be 
very little refrigeration effect. A well designed freezer should 
be able to operate for 8 h before defrosting; a poor design may 
need defrosting every 2 h. 
Although the product must be left in the freezer long enough to 
ensure effective freezing, it is important that unpacked products are 
not left in the freezer too long. This would not only lead to increased 
dehydration, but it is also a waste of energy and therefore money. 
Air blast freezers can be divided into continuous and batch types, 
depending on their mode of operation. 
Batch freezers 
In these freezers, trolleys, shelves or pallets are used for loading the 
products in batches. When fully loaded, they are placed in the 
freezer, the door is closed and freezing is staned. When fully frozen, 
the first batch is removed for cold storage 3.?-d another batch is 
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loaded into the freezing compartment. Compared to continuous 
freezers, batch freezers have a very high refrigeration load at the 
beginning of the cycle because of their mode of operation. 
Although primarily design d for batch freezing, batch freezers are 
often used on a semi-continuous ba is for freezing fish and this helps 
to reduce the peak load. Care should be taken not to put warm 
batches of fish up tream of partially frozen fish because the 
temperature of the partially frozen fish would be adversely affected. 
Continuous air blast freezers 
These can be divided into batch continuous freezers and continu-
ous belt freezers. 
Batch continuous freezers are those in which fish packed on to 
trolleys or tn1cks move through the freezer on rails. With most 
freezers of this type, the product moves through the freezer in the 
opposite direction to the flow of air, i.e., the coldest air passes over 
the coldest product. Loaded trolleys are pushed into the freezer at 
one end, and when the product is fully frozen, they are removed from 
the other end to make room for a fresh batch at the entry point. A 
typical arrangement is illustrated in Figure 34. A problem which 
may occur with these freezers is frosting of the rails; the trolley rails 
become frozen if the wrong type of lubricant is used. It is not possible 
with this type of freezer to vary freezing times for different trolley 
loads. A way of overcoming this limitation is to use a cross How of 
air with trolleys entering from the side rather than from the end 
Figure 34. Batch continuous air blase .freezer with counterflow air circulation. 
Source: Redrawn from FAO Fisheries Teclmical Paper, No . 167. Food and Agriculture 
Organization of the United Nations, Rome. 1977. 
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. 1re 35 J. T his avoids having to shunt a whole line of trolleys (F~~itJ the freezer. This arrangement allows different batches to be 
:Ozen for different lengths of time and therefore makes the freezer 
plore fle:rible. 
Produc e in and out 
• ... 
-- -
Figure 35. Batch con tinuous air bJas l freezer with cross flow air circulation. 
Source: Redrawn f-rom FAO FislJeries Teohnical Paper, No. 167. Food and Agriculture 
Organization of the United Nations, Rome. 1977. 
There are also batch continuous freezers in which the transport of 
fish through the chamber is mechanized. Multi-shelved racks are 
suspended from an overhead conveyor which moves the fish through 
an air blast freezing tunnel. The speed of transport through the 
tunnel can be varied to suit the type of product being frozen, i.e., 
mall £i h 1 fillets or prawns would go through the tunnel in about 
1- 2 h whereas large whole fish or pre-packed products would need 
much longer. 
Continuous belt freezers are used for small individual items which 
can be frozen within 30 mini longer freezing times would require 
longer belts which would be cumbersome and costly (Figure 36). 
Double or treble belts may be in talled if the product can be trans-
ferred easily between belts. Spiral belt freezers in which a long belt 
can be compacted into a relatively limited space are now available. 
Belts are usually made from stainless steel or plastic interlocking 
mesh. Air flow may be either counter to the flow of the product, or 
across the belt. The points of entry and exit for the product must 
be protected against loss of refrigerated air and entry of warm air . 
This is usually achieved with plastic or rubber curtains. The belt 
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Side view 
End view 
Figure 36. Continuous bel l air blas t freezer with cross flow air circulation. 
Source: Redrawn from FAO Fisheries Teclmical Paper, No. 167. Food and Agriculture 
Organization of the United Nations, Rome. 1977. 
speed can be altered to cater for the different freezing times of dif-
ferent products. Belt freezers need to be fully loaded and used 
continuously as much as possible in order to be economic. 
The fluidized bed freezer is a version of the continuous belt freezer 
which can be used for freezing small uniform products such as peas 
or, possibly, small prawns . A blast of cold air passing through the 
mesh belt from below produces what is known as a fluidized bed 
of product, i.e., the product is partially supported on the rising 
column of coldair. Although these freezers have limitations on the 
size of product they can handle, they are able to freeze quickly and 
produce individual quick frozen products. 
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coNTACT FREEZERS 
ta.ct or plate freezers are commonly used in the fishing industry 
~~~he production of blocks of fish or other seafoods . 
Tbe t WO main tyPes of plate freezers are horizontal plate freezers 
d vertical plate freezers. In both types, the product is brought into 
~ose contact witl~ aluminium alloy plates which contain circulat-
~ g refrigerant. All plate freezers have hydraulic systems which 
:ove the plates closer or further apart. This allows the products to 
be compacted so t~ey freeze more ~uickly by clo er contact, and are 
released more qu1ckly after freezmg. 
flodzontal plate freezers 
In this type of freezer (Figtrre 3 7 J, the product is packed into freezing 
trays before freezing. The trays may either be lined with polythene 
sheet prior to packing, or cardboard carton may be used. Depending 
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rgure 37. Honzontal plate freezer. 
Source: Redrawn from FAO Fisheries Technical Paper, No. 167 . Food and Agriculture 
Organization of the United Nations, Rome. 1977. 
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on the product, the aluminium trays may be divided into compart-
ments to give uniform block sizes. The trays, which may also have 
clo ely fitting lids, are then placed on the freezer shelves. The 
hydraulic system positions the plates in close contact with the top 
and bottom of the trays to ensure maximum heat exchange. Trays 
and cartons should be filled to the top to ensure good contact with 
both plates. 
It is important that the plates are kept free of ice and frost in order 
to ensure good contact between the plate and the product. If water 
is spilt on the plates, it will freeze in lumps, cause poor contact, and 
prolong freezing . With careful loading and unloading, it should be 
possible to avoid ice build-up so that defrosting between freezing 
batches is unnecessary. With care, defrosts should only be required 
once or twice a day. Defrosted plates must be free of ice and must 
be dried before re-use. 
Similarly, compression is important to ensure good contact between 
the food and the plates. However, excessive presure will damage the 
food. It is essential that the plates should be fully loadedi if this is 
not possible, spacing bars should be used. If a plate is only partially 
loaded when the product is compressed, the plates may bend, 
causing poor contact and damage to the plates. Spacing bars should 
be purpose made to the specifications of the manufacturer for the 
thickness of product being frozen. Generally, spacers are slightly 
thinner than the packs to be frozen so that the blocks are slightly 
compressed and good contact is ensured. All the blocks of product 
to be frozen must be of the same thicknessi this ensures that contact 
with both sides of the block is correct, all the blocks freeze at the 
same rate, and the plates are not subject to stress and distortion. 
Horizontal plate freezers are used mainly in shore-based fish freezing 
plants, although they are sometimes installed on board ships for 
freezing prawns at sea. If the plant is installed within a processing 
line, the loading and unloading of the freezer is often done from 
opposite sides to speed up the process, increase efficiency, and 
reduce the time the doors of the freezer cabinet are open and thus, 
frosting of the plates. 
Vertical plate freezers 
This type of freezer [Figure 38 J is particularly suitable for freezing 
fish at sea. It was originally designed for use on board trawlers for 
freezing cod as a whole gutted product. After freezing, the fish are 
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tin a. cold store for later on -shore processing. The freezer consists 
).ce~ series of vertical, aluminium alloy, refrigerated plates with 
of aces known as stations between them. The refrigerant passing 
sha ough the plates reduces their surface temperature to between 
c_ ~O oc and -40 °C when in operation. Warm fish ue dropped 
Figure 38. Multi-station vertical plate freezer with top unloading arrangement. 
Source: Redrawn from FAO Fisheries Technical Paper, No. 167 . Food and Agriculture 
Organization of the United Nations, Rome. 1977. 
between the plates until each station is full. The plates are then 
closed together to form the fish into blocks; the refrigerant flowing 
through the plates then freezes the fish. Fish of similar sizes should 
be packed into each block; mixed sizes will lead to uneven freez-
ing rates and may damage smaller fish. As these freezers are often 
used on fishing vessels the fish to be loaded may be very fresh. 
Consequently, they may not yet have passed through rigor, or they 
maybe in rigor when they are put in the freezer. If they are already 
in rigor, no attempt should be made to straighten them to make 
them fit between the plates as this will tear and damage the muscle 
structure. Freezing pre-rigor can cause serious problems on thawing. 
If fish are frozen pre-rigor and stored for only a short time (less than 
eight weeks at - 18 oc for cod), they will not have come out of 
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rigor when they are thawed, and a large amount of water, kno 
a thaw drip, will be lost from the fish at this stage. This can ~1' 
overcome by thawing the fi h slowly at ambient temperature soth e 
Iigo1· is resolved b fore thawing is complete. If fillets are cut fro at 
a fish still in rigor, the meat will contract as it is released from t~ 
bone; the fillets will then shrink and have a corrugated surface an~ 
a tougher texture when cooked and eaten. 
Once frozen, the blocks are released from the stations by a partial 
defrost. They can either be removed from the side of the station by 
raising a plate at the bottom, or they may be dropped through the 
bottom directly into the fish room below. In contrast to the horizon-
tal plate freezer, the plates must be above freezing point before 
loading, otherwise the fish will stick to them and prevent fl.lll 
loading. Th blocks must be handled carefully on removal from the 
freezer so that they remain in one piece. It is not normal for water 
to be added to the block to assist in block formation, but if it is neces-
sary, plastic film or paper liner should be placed in the station to 
hold the water in the block. 
Fish loaded into a freezer on board a boat will usually be at ambient 
temperature. If a horizontal plate freezer is used, the fish are often 
chilled before loading. This means that the initial refrigeration load 
on a vertical plate freezer is often higher than it would be on a 
horizontal plate freezer. 
IMMERSION FREEZERS 
Immersion and spray freezers operate by maintaining direct contact 
between a very cold liquid, or gas from that liquid, and the fish. The 
various liquids which have been used can be divided into 
(a) solutions of salts in water which are mechanically refrigera-
ted to well below freezing point; and 
(b) pressurized liquids which boil at very low temperatures. 
The first of these two types relies on the mechanical refrigeration 
of the liquid and the circulation of that liquid through a tank con-
taining the products to be frozen. In the fishing industry, the 
commonest type of freezer in this category uses sodium chloride 
brine which can be made to a?y strength to achieve the desired 
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·.,.,t However, saturated brine, which contains 26% salt, 
· g pOl ..... · th . (ceez1D _ 21 oc and in practice, e operatmg temperature cannot 
freeze a.t d below about - 18 ° C. This limits the use of this freezer 
bC reduce perature needs to be - 30 ° C or below for most freezing 
ll rb.e erP }lowever, even with brine it is possible to achieve rapid 
proc _sse~~cause of the intimate contact between the product and 
freczl1lg ing 1nedium. The rate of freezing depends on the circula-c ~1.e ['r~et~e refrigerated brine throughout the tank, and this can be 
Cl0~ ~ al factor in the efficiency of a brine freezing system . Another 
~1 .cr1~1cantage of using brine freezing is that the fish will absorb salt . 
d.lsa. :U.ount of salt taken up depends on several factors including 
-r!et:roperature of the brine, the length of time of immersion, the 
~:Jt conten t of the fish, and the surface area. 
The brine freezing process is not widely used because of the technical 
liinitations. Its most cm'?mon application i.s for on-b_oard _freezing 
of tuna destined for cannmg. Newly caughthsh are ch1lled m a tank 
containing sea water refrigerated to about 0 o C. They are held in chill 
until the tank has been filled by the addition of subsequent catches, 
or for up to five days. Salt is then added to the tank to produce a 
freezing brine and the temperature is reduced to freeze the fish. 
When they are frozen (which takes at least 24 h), the tank is pumped 
llry and used for storage until landing. Thefishmaythaw, or partially 
thaw on board the boat as it returns to base so that they are ready 
for immediate unloading. The sea water and brine is usually 
refrigerated by a series of pipe grids on the tank sides which may be 
supplemented by an external heat exchanger. 
The second type of immersion freezer uses liquids with low boiling 
points such as liquid nitrogen, carbon dioxide or liquid air. The most 
common is liquid nitrogen. This is used for freezing individual fillets 
and for prawns which sell for a relatively high price when sold as 
individual quick frozen product. Liquid nitrogen boils at - 196 °C. 
If the warm fish were brought into direct contact with the liquid 
nitrogen, the outer layers would freeze very rapidly; this would cause 
thermal stress and the break-up of the material. Therefore, the fish 
are normally sprayed first with nitrogen gas at about - 50 °C, and 
then gradually reduced to much colder temperatures by spraying 
With liquid nitrogen. 
The freezer consists of a stainless steel conveyor belt which moves 
against the flow of gas and liquid spray in a freezing tunnel. Nitrogen 
159 
Freezing Fish 
freezers are small and freeze very quickly. They can be operated 
without the need for an on-site mechanical refrigeration systel'.l:l. 
However, in spite of the apparent advantages, the freezers are useci 
only for specialist products. This is because £irst1 operating costs 
are higher than air blast n·eezers, secondly, they can only freeze 
mall products, and thirdly, they rely entirely on a regular a:nd 
reliable supply of liquid nitrogen w hi.ch requires specialist tor age 
These disadvantage severely limit their use in developing 
countries. 
The other types of low boiling point liquid freezers are not se 
common. At one time, refrigerant 12 (dichlorodifluoromethane) in 
a specially purified form wa used for immer ion/ spray freezing. 
However, the high costs and concerns over the effects of Rl2 on 
ozone depletion in the atmosphere, have led to a rapid decline in 
its use. Liquefied carbon dioxide (C0 2 J is used to a limited extent 
for freezing . The gas under pressure in cylinders is sprayed on to the 
product in much the same way as liquid nitrogen. The management 
of CO 2 freezing is more difficult than liquid nitrogen and its use is 
less widespread. Normally, liquid C0 2 is refrigerated before 
spraying. 
COLD STORES AND COLD STORAGE 
Once fish have been frozen they need to be kept under suitable 
storage conditions to maintain quality. The recommended storage 
temperature for frozen products in the UK is -30 °C. At this tem-
perature, protein changes and denaturation are minimized, and 
bacterial action is practically arrested. However, even at these low 
temperatures, other changes can occur which lead to loss of product 
quality. These include oxidation of fat, dehydration, colour changes, 
and possible protein deterioration under fluctuating storage 
conditions. 
Correct design and use of cold stores can reduce these problems. The 
most important design factors are 
• low temperature 
• uniform temperature (throughout the store) 
• steady temperature (with minimal fluctuation) 
• good air distribution (to maintain uniform conditions) 
• minimum air circulation (to reduce dehydration losses) 
• minimum air ingress (to minimize fluctuations). 
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dration of the product is a major concern for the cold tore 
peJ~Y wr. It occurs as a consequence of the different amounts of water 
ope~~h can be held as vapour in the air at different temperatures. 
wblC 
1 
air at 1 OO% relative humidity holds more g/litre of water than 
w.arnarne volume of air at a lower temperature. As air passes over 
t~e 5 roduct in cold storage and circulates inside the cold store, it 
t e ~nes wanner than it wa when it left the evaporator. As it warms 
?:~eco·roes less saturated with water and i therefore able to pick 
1 ll'loisture from the surroundings. As a result, water is removed 
f!oll'l ·che product U: storage. This moisture is carried along by the 
.. which is retmnmg to the vaporator. The evaporator cools the 
a~ down, so that it becomes over-saturated (more than 100% 
:~lative humidity J. The water then precipitates out of the air to £om1 
host on the evaporator coils. Cold stores are therefore generally 
designed to minimize these problems. 
Types of cold store 
Jacketed cold stores 
This type of store is ideally con tructed to minimize problems of 
dehydration, but it is very expensive. The main storage space is 
maintained at a constant temperature and a high relative humidity 
while circulation of air within the working environment is minimal. 
1+-l--- Air circulation Main storage space 
Inner ---~ 
lining 
Jacket -----1-...a 
space 
Figure 39. Jacketed cold store. 
Source: Redrawn from FAO Fisheries Technical Paper, No. 167. Food and Agriculture 
Organization of the United Nations, Rome. 1977. 
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This is achieved by moving the refrigerated air round the outsid 
of the inner storage chamber inside an outer, insulated jacket (F% e 
39). The moving refrigerated air does not therefore, come into ditec e 
contact with the products in storage so dehydration is minirnaJ.t 
Although high product quality can be achieved, few jacketed store· 
have been built because of the prohibitive construction costs. 8 
Gridded cold stores 
In this type of store, grids of refrigerated pipes cover the walls and 
roof and maintain the required conditions efficiently. As witb 
jacketed stores, forced air movement is not required so frost build. 
up on the pipes and dehydration are slow. However, the stores ar( 
relatively expensive because 
• there is a lot of complex pipe work 
• a large quantity of refrigerant is required 
• the weight of the plant necessitates strong store construction 
• a large liquid refrigerant reservoir is needed for maintenance. 
Finned grid stores 
These are similar to gridded stores but the refrigerated pipes are fitted 
with fins to increase the surface area and hence increase the heat 
exchange rate and efficiency. Usually, the finned pipes are fitted only 
to the ceiling of the store. 
Unfortunately, the use of fins causes more rapid frosting, so defrost-
ing will be required more often and more regularly. As defrost water 
can fall on to the stored product, it may also be necessary to empty 
the store before defrost. This inconvenience often results in the 
stores being operated beyond the point at which defrost is required. 
They therefore become inefficient and more costly to operate. As 
the pipes are only mounted on the ceiling, the storage conditions 
are not as good as those in gridded, non-finned stores. 
Unit cooler stores 
Stores with unit coolers are the most common type in use today . 
A unit cooler consists of a finned heat exchanger unit which serves 
as the evaporator of the refrigeration cycle. A fan forces air through 
the evaporator and the cold air is moved around the store by the 
action of the fan. These units have the following advantages: 
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theY are cheap 
• beY contain a small amount of refrigerant 
: ~heY are easily d~frosted 
• theY do not require a heavy support structure. 
a.in disadvantage is that in order to maintain uniform storage 
'fbe;:ions, the refrigerated air must circulate inside the store (Figure 
cgf ~his means that dehydration can be a problem so it is usually !ec~ssa.IY, particularly in larger stores, to have an air ducting system 
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Figure 40. Uneven air distribution in a store with unit cooler and fan circulation. 
-
Co oler 
Source: Redrawn from FAO Fisheries Technical Paper, No. 167 . Food and Agriculture 
Organization of the United Nations, Rome. 1977. 
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Figure 41. Cold store with ducting, or false ceiling and vents, to give uniform air distribution. 
Source: Redrawn from FAO Fisheries Technical Paper, No . 167. Food and Agriculture 
Organization of the United Nations, Rome. 1977. 
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to distribute the cold air to all parts of the store (Figure 41). It is als 
essential with this type of store that the product is not stacke~ 
directly on the floor, against the walls or right up to the roof, other, 
wise the refrigerated air would not be able to circulate properly anc] 
absorb the heat leaking into the store. 
In larger stores it is often necessary and advisable to have more than. 
one unit cooler. This will help to even out air temperatures, allow 
defrosting of units in turn, and, in the event of a breakdown, provide 
the possibility for stand-by refrigeration while the faulty unit is 
repaired. Defrosting is usually achieved by hot gas (on larger units) 
or by electric heating. 
Plug-in units for chill and low temperature stores are being used 
more and more; they consist of all the refrigeration equipment 
mounted on a frame which can be plugged in through a hole in the 
side of the insulated store. 
Plug-in units have the following advantages: 
• they are supplied complete and ready to run 
• the services of a skilled refrigeration installation engineer may 
not be necessary 
• they are compact 
• broken units can be un-plugged and removed for repair, and 
a replacement unit plugged in, without serious disruption, or 
risk, to the contents of the store. 
They also have the following disadvantages:. 
• they are often very compact and more difficult to work on 
• if the store is sited within a building, air circulation to the 
compressor I condenser can cause excessive noise 
• they may take up more working space than conventional unit 
coolers. 
Plug-in units are frequently used in refrigerated containers and 
vehicles. 
IMPORTANT DESIGN FACTORS 
It has already been noted that the cold store can affect the storage 
life of products by the-ability or inability to maintain a low, uniform 
and steady temperature with the minimum of air circulation. The 
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d thermal insulation during construction, the installation 
ase ofgo~te vapour barri rs for the insulation, the construction of 
of a~efuck air curtain or similar device to reduce air ingress, and ~!1 aJ! 0 er ~anagement and organization of the stored products, are 
rne prOt~IS which will help to produce Optimum and efficient use of ~dl f;ac 
the store. 
~nsulatiou 
cl thermal insulation is a prerequisite for cold store design; the Go~ o£ insulation and its correct installation are vital to efficient 
tYP ration. An insulating material is one which slows down the 
op:sage of heat energy from higher to lower temperatures. The 
pha oice of insulator depends not only on its low thermal conduc-
c al . tivity, but so on 1ts 
• resistance to passage of water and water vapour 
• resistance to rot 
• resistance to attack by vermin and insects 
• structural strength 
• toxicity 
• flammability 
• price. 
Various 'traditional' materials have been used for insulating cold 
store walls including cork, wood shavings, sawdust and vermiculite. 
These have been replaced in recent years by foam and expanded 
plastic materials which have· a number of advantages. The tradi-
tional, vegetable-based materials were not resistant to water, had 
a tendency to rot and settle after installation, were not as efficient 
as the newer materials, and in some cases such as cork, had become 
very expensive. The commonest modern insulating plastics are 
expanded polystyrene and polyurethane foam. 
Expanded polystyrenes 
These materials are widely used in insulation and can be produced 
in panel form for structural strength, but their compressibility is 
poor and they are destroyed at fairly low temperatures (75 °CJ . 
Polystyrene can also be dissolved by the polyester resins which are 
often used in fibre reinforced .plastic (FRP) manufacture, so they 
cannot be used in direct contact with FRP. The material itself has 
a low thermal conductivity, is relatively cheap, and is widely 
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available th~oughout the world .. It is available in slab form in thic:l 
nesses varymg from 2.5 cm fl m) upwards. ' 
Polyurethane foam 
This material has one of the lowe t thermal conductivities of col.l:J. 
mercially used insulators. It ha good vapow: resistance but it wul 
burn and give off toxic fumes. Recently, fire retardants have bee 
incorporated which make the foam less hazardous. Polyurethaull 
foam can be purchased in sheet r slab form direct from the 
manufacturer, but it can also be foamed in situ, i.e., in cold stor: 
cavity walls; this ensures good p'enetration of the insulating fo a111. 
into all parts . Unill<e expanded polystyrene, polyurethane foam does 
not react with the solvents and polyester resins used in FRP manu.. 
facture. However, it is not nearly as widely available as polystyrene 
and it is more expensive (often twice the price) . 
A further problem with the manufacture of plastic foams is that the 
gases used to bring about expansion are usually chlorofluorocarbon, 
compounds fCFCs). It is now known that these compounds can 
cause depletion of the atmospheric ozone layer and they therefore 
constitute an environmental proble,m. Research has been carriec 
out to find alternatives to CFCs for foam production, and CFC-fre( 
foams are now becoming available. 
Vapour barriers 
Air at ambient temperature is able to hold more moisture than air 
at lower temperatures, i.e., the partial pressure of water vapour 
outside a cold store is higher than that inside. This is particularly 
so in warm, moist tropical countries. The difference in partial 
pressure creates a gradient down which water vapour will pass, 
through the insulated walls, from the outside of the cold store to 
the inside. As the water vapour cools during its passage through the 
walls, it will condense, and at 0 o C, it will form ice inside the store 
wall. This process will continue to the point where so much ice has 
built up that it affects the insulation properties ofthe walls; it may 
eventually break up the wall and cause physical damage. 
To prevent this from happening, a vapour barrier on the outside of 
the cold store wall is essential. This must consist of a gas seal to 
prevent ingress of any water vapour fgas) on the exterior surface of 
the building. Vapour barriers can be provided by coating the outer 
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. ban impervious layer such as bitumen or plastic resin, or 
walls w~g with sheet metal sealed at the edges with mastic or other bY.cla~e materials (Figure 42). 
tJ .lC~l 
Bulging j 
walls 
1 
I 
I 
Ice formation \ 
with 
deterioration -L..k'~~ 
in structural 
and insulation 
properties 
Without 
vapour 
barrier 
Moisture 
enters 
insulation 
Figure 42. The function of a cold store vapour barrier. 
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Source: Redrawn from FAO Fisheries Technical Paper, No. 167 . Food and Agriculture 
Organization of the United Nations, Rome. 1977. 
Many small cold stores are constructed today from prefabricated 
insulated panels which clip together. The panels are supplied 
complete with inner and outer surface finishes, a vapour barrier, 
and a fastening system to secure adjacent panels . 
Frost heave 
Frost heave occurs under low temperature stores built directly on 
the ground. Residual moisture/ water in the ground freezes and ice 
builds up below the floor. As ice is less dense than water, it expands 
on freezing and causes the floor to lift and crack; it may also affect 
the walls and foundations of the building. Measures to overcome 
frost heave must be incorporated into the initial design and construc-
tion of the store. 
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A sub-floor heating system under the insulation can be incoporated 
into the design. This usually consists of a grid of pipes containing 
hot glycol, or electrical heating elements running to and fro under 
the floor (Figure 43). 
Store wearing surface 
Figure 43. Frost heave prevention using floor heating. 
Source: Redrawn from FAO Fisheries Technical Paper, No. 167. Food and Agriculture 
Organization of the United Nations, Rome. 1977. 
Sub-floor ventilation can be achieved by raising the store on stilts 
above ground level so that there is a flow of air under the building; 
this prevents the ground from freezing. In large stores, the flow of 
air may be assisted by mechanical fans (Figure 44 J. 
Air ingress 
If warm moist air is allowed to enter a cold store when the door is 
opened, an extra load is put on the refrigeration system and the build-
up of frost on the evaporators is increased. There is also a risk that 
the temperature of the stored product will rise and therefore lose 
quality. There are several ways of overcoming this problem. 
Air locks 
Refrigerated and non-refrigerated air locks, or ante-rooms, prevent 
direct movement of outside air into the cold store. The design should 
ensure that the outer doors are self-closing to reduce the risk of them 
being left accidentally open. Frozen products may be packed prior 
to storage in a refrigerated air lock; an air lock can also be used for 
temporary storage, in which case it must be equipped so that the 
flow of product is not hindered by clutter. The use of air locks is 
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Source: Redrawn from FAO Fisheries Teclmicol Paper, No. 167 . Food and Agriculture 
Organization of the United Nations, Rome. 1977 
often unpopular with the workers who load and unload the product 
from the store because they can hinder free flow (Figure 45). 
Air curtain 
Air curtain machines produce a flow of refrigerated air across the 
entrance of the store which helps to reduce heat exchange. They are 
fitted above the normal, closing, insulated door and are often 
activated when the door is opened. They should, however, not be 
regarded as an alternative to closing the door. 
Plastic strip curtains 
Strips of plastic about 15 cm wideareoftenhungfrom the top of the 
doorway to form~ a physical barrier to air movement. These allow 
for the passage of people, trolleys and products, etc. but automati-
cally close to restrict the movement of air. They are normally fitted 
in addition to, rather than as a r:eplacement for, conventional doors. 
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Figure 45. Air lock. 
Source: Redrawn from FAO Fisheries Technical Paper, No. 167. Food and Agriculture 
Organization of the United Nations, Rome. 1977. 
Hatches 
In larger stores, where movement in and out is in the form of small 
units such as individual cartons, hatches may be used instead of the 
normal door. The hatches will often have a conveyor belt or sloping 
roller conveyor running through them so that goods can be moved 
easily. 
Glazing 
It has already been mentioned that one of the most serious problems 
when storing frozen products is dehydration. As frozen fish can be 
kept for long periods1 there may also be problems with the oxidation 
of fat and the development of rancidity. Both dehydration and oxida· 
tion of fat are caused by long term exposure to air. It is therefon 
important to protect the products in some way. The frozen fish can 
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ed by dipping in1 or spraying with1 chilled water; this forms 
begl%ctive layer which may represent 2% or more of the gross 
a P~0bt ofthe fish. When fish or prawns are frozen in horizontal plate 
welg rs it is common practice to add water to the block to form 
freeze ' · k h bl k h Th 1 
1 eandhelpstlc t e oc toget er. ewaterg azeevaporate a g ~z g storage and as long as the layer is maintained/ water loss from d~tril'lroduct itself should not occur. The layer also helps to protect ~b: ~roduct from oxygen uptake and therefore/ oxidation of the fat. 
suitable packaging in vapour-proof materials will reduce these 
problems as well. 
Stowage methods 
pallets 
Novvadays1 products in large cold stores are usually palletized. 
Frozen products of the same type are stacked in cartons on to wooden 
pallets; if the fish are large or irregular in shape 1 they may be loaded 
into wire cages on pallets. Both types of pallet may be stacked up 
to four deep and moved around with fork-lift trucks. The fork-lift 
trucks must be driven by electricity or compressed air so that they 
do not produce exhaust fumes and excessive heat inside the store. 
Hand stowage 
A shelf and racking system is common in smaller stores if labour 
is cheap and easily available. The product is stacked by hand on to 
shelves. 
Bulk stowage 
Bulk stowage is used for the storage of whole fish destined for 
canning such as tuna. It is not1 however1 recommended for most 
applications . Products can stick together by pressure-melting of the 
ice and this can make handling difficult. Bulk stowed fish are often 
mishandled, resulting in physical damage and bruising. 
General 
Whichever method of stowage is used, there are some general rules 
to remember. 
1. All the products should be labelled for identification. The label-
ling should include product type, date of production and batch 
code. 
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2. A plan of the store and a log of product placements should be ke 
so that all products can be found easily and quickly. Pt 
3. The store should be run on a first-in, first-out basis so tha 
products are not left in storage for too long. t 
4. All products must be frozen to the required temperature before 
storage. 
5. Products must be glazed and/ or enclosed in protective 
packaging. 
6. Products must be kept away from the walls, floors and ceilings 
in unit cooler stores to ensure adequate circulation of air. The 
recommended distances are 
• from floor 
• from walls 
lOO mm 
200mm 
• from ceiling 500 mm. 
This can be achieved by the provision of a false floor of slatted 
boards, battens on the walls and a high ceiling. 
7.Store temperatures should be monitored routinely and records 
kept. A regular defrost schedule should also be established. 
STORAGE LIVES OF FROZEN FISH 
Even if fish are properly frozen immediately on capture, then glazed 
and properly stored at a constant -30 °C, theywillnotkeep indefi-
nitely. Although bacteria will remain dormant, slow, autolytic 
changes and oxidation will occur. The higher the temperature the 
faster these changes take place and therefore, the shorter the 
potential storage life. Table 29 illustrates the difference that the 
storage temperature and the type of fish can make. 
Table 29 Storage life of fish at different temperatures 
·Type of fish 
Fatty fish such as sardine, salmon, etc. 
Lean fish, cod, haddock 
Flat fish, plaice, sole 
Lobster, crab 
Shrimp 
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Storage life in months at 
-18 °C -25°C -30°C 
4 
8 
9 
6 
6 
8 
18 
18 
12 
12 
12 
24 
24 
15 
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S OF FROZEN FISH 
sALE fsb may arrive at the point of sale in a number of different 
frozen ;owetiroes it arrives as whole fish which have not been 
£oflll5 · d and sometimes a fillets which have been wrapped, pack-
wraJpe d frozeni in other cases, it arrives as cooked frozen fish which 
agel ~eds to be re-heated before serving. 
oll y n 
£. zen fish are to tie sold as frozen fish, they must be kept in 
rf ;.~erated storage. Before delivery to the retail facility, the frozen 
re :erial should have been held at -30 °C. In practice, however, 
CU-arage is likely to have been at a slightly higher temperature and, 
~:ing c~riage fror:n the cold store to the retail shop, the fish may 
becoJJle warmer still. 
Much of the frozen fish sold in Western countries is sold from what 
are called 'zero' cabinets because they are held at 0 °F r- 18 °C). If 
fish are held for a 1nonth at this temperature, they will suffer little 
Delivery at correct low tem perature 
Unloadrng drrectly rn lo cabmet 
Temperatur t L.. hecked regularly 
Stock turned over 1n less than 1 month 
Figure 46. Correct u se of zero cabinet. 
Source: From an idea derived from a drawing on page 7 of Tarry Research Station Tarry Advismy 
Note, No. l2jRevised). Central Science Laboratory, Food Science Laboratory, Tarry, 
Aberdeen . 
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harm. However, if they are held for several months, they will be of 
a poorer eating quality. It is important, therefore, that the retaile 
should hold as little frozen fish as possible. t 
Material which is kept in a zero cabinet should be treated like any 
other frozen fish in cold storage; it should be kept glazed and properly 
packaged to prevent dehydration. It is particularly important that 
the practice of first-in, fu t-out should be followed o that :material 
is held for as short a time as possible. This may mean that the retailer 
must personally date-mark his produce. I£ he does not wish the 
public to know how long he is holding material, he can devise a 
simple code. 
There are several points to consider when handling frozen material. 
Good storage practice is illustrated in Figure 46 and poor practice 
I 
in which a cabinet is misused, is illustrated in Figure 4 7. 
It should be remembered that material will deteriorate in the 
cabinet. The cabinet must be kept switched on so that it remains 
Packages deltvered too warm and not 
loaded dtrectly mto cabmel 
Figure 47. Misuse of zero cabinet. 
Cab1net turns off w1th l1ghts 
Low stock turn-over 
Source: From an idea derived from a drawing on page 8 of Torry Research Station Tarry Advisory 
Note, No. 12.(Revised). Central Science Laboratory, Food "Science Laboratory, Torry, 
Aberdeen. 
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1 hould not be loaded above the marked load line; if it is, the 
cold· ~ 51 above the load line will get warmer. J11ilterta 
mpt should be made to use the cabinet as a freezer; this would 
N° a~::1 damage to the material already in storage because its tem-
resu ure would increase before the new material is frozen. 
perat 
competent refrigeration engineer is available, he should be 
I[ a loyed to ervice the cabinet at regular intervals. Some cabinets 
~111tost automatically at short intervals. If the cabinet is not auto-
e tic it should be defrosted regularly. It is a good idea to make a 
~:~lY' ~heck of the temperature of the air in the cabinet; th best way 
do this is to place at least two accurate, adequately protected r~ennometers in d.ilierent positions in the cabinet. Neither of these ~hould be in contact with, ornear, the cooling coils. 
If the wrapping of any of the p,ackages delivered is broken or torn, 
drying of the commodity will occur. Quite apart from the fact that 
there will be a lo s of weight, the final product will be dried and 
unattractive li. ., will suffer from freezer bmn). Such damaged 
materials should not be accepted at delivery and, if damage occurs 
within the shop, the material should be destroyed. The cabinet 
should be ituated so that it is not in direct sunlight. Lighting should 
be sited so that it cannot warm the cabinet and, mo t important of 
all, the cabinet's vent should be unobstructed so that the refrigera-
tion machinery can_ operate efficiently without overheating. 
In some developing countries, a system of retail marketing of frozen 
fish has been developed in which the fish are delivered frozen to a 
cold store and are then removed so that they thaw at the point of 
sale. This material competes directly with wet fish. The system can 
work quite well but it is debatable whether it can be as effective as 
an ice storage chain. Where the system has developed, it seems to 
have done so because the market is readily supplied by large trawlers 
freezing the catch at sea, as in West Africa. There is little doubt that 
better quality material can be provided by icing in most other 
circumstances. It seems likely that an icing chain would also be 
more profitable but, in designing a marketing chain for new points 
of sale, the alternative possibilities should be costed. As in other 
areas of fish handling and processing, much depends on the market 
demand. 
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14. FISH WORKING PREMISES: 
DESIGN, HYGIENE AND SANITATION 
b decision to invest in a fish processing facility must be accom-
'f ~ed by questions such as where best to site it and how best to 
Pf1 nand equip it. The manufacture of product of a high and con-
P.:tent quality should be the ultimate aim, and this can only be 
5~hieved if the principles of hygiene and sanitation are understood. 
~be 111ain i sues regard~g th~ planning and design of fish working 
pre1nises are addressed m th1s chapter. 
SITE 
The plant should be erected as close as possible to the source of 
supply of the raw material in order to avoid delays in handling. A 
site with berthing facilities for catchervessels, OI one which is close 
to ponds in aquaculture operations, is preferable if other require-
ments can be met. Th following factors should be taken int 
account. 
1. Some operations, particularly fishmeal manufacture, produce 
offensive odours and are best sited away from, and downwind 
of, the neare t town. Local by-laws should be checked as these 
may prevent the erection of food processing facilities in certain 
areas. 
2. Many operations produce quantities of liquid effluent and solid 
waste which contain protein residues. These would need to be 
disposed of without causing pollution problems. 
3. Areas where other industries produce smoke, dust or odours 
which could taint the fish should be avoided. 
4. The cost of erecting buildings depend on the nature of the 
ground. Areas where expensive piling would be needed should 
generally be avoided. Areas of land prone to flooding should also 
be avoided. However, such land may be cheap, so the total cost 
of buying the land or building on alte1native ite should be 
considered. 
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5 . If the product i to be taken away over land, all-weather ro 
are needed; these reduce the dirt which can be taken ;ds 
factories by vehicles, especially eluting the rainy season. ~1to 
weather roads would al o reduce the risk of being cut off fr 1. 
raw material upplies and markets in bad w eather. Shipping0~ 
rail should be considered, and if perishable, high value produ.c >' 
uch a live 1 bster are to b e bipped, proximity to an airpo ts 
is an obvious advantage. tt 
6. Many operations require large quanti ties of potable (drinking) 
water. This may be taken from the local authority supply 0 
from a private borehole or dam. Clean, sanitary sea water ea~ 
be used for some operations such as washing down . 
7. Premises should not be sited near refuse dumps as these always 
harbour vermin such as flies and rats. 
8. Some operations have a high power demand . It is usually 
cheapest to use the local authority power supply if this is 
reliable and can be brought on-site at a reasonable cost . A diesel 
generator would be noisy and lead to unpleasant working 
conditions. 
9. Good communication is important . If there is no telephone, 
the possibility of using a radio-telephone needs to be investi-
gated . The installation of a FAX machine may be necessary fo1 
export industries. 
10 . The nearer to the market the plant can be sited, the better. 
11 . Many operations require large quantities of ice . It is an advan-
tage if the plant can be sited near to a reliable source of cheap 
ice. If not, ice-making machinery will be needed. The possi-
bility of generating a surplus for sale in order to offset costs can 
be considered . 
12 . Supplies of other raw materials such as packaging will be 
needed. The cost of these will be higher if the suppliers are some 
distance away. 
13. The site must allow adequate space for buildings and vehicles 
and provide easy access . 
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. ILDII'-J'GS 
.r;U . :n1ust be big enough to avoid people and equipment being 
j;uildlllr A fish working factory should be designed and built c.ro~df _e iiyfor that purpose. Figure 48 illustrates a possible layout 
eel lea . 1 
. p · h.riinP freezmg p ant. 
for g s 
Lorrv and 
tub wash Carton 
Cold 
sto res 
A1r lock Freezer 
Covered lorry 
wa y goods out 
Figure 48. Possible layou t for shrimp freezing plant (no t to scale). 
Laundr y 
Ou t door 
All buildings should have an internal h eight of 3-3 .6 m. A higher 
ceiling would be difficult to clean and a lower one would restrict 
ventilation. Buildings must be w ell constructed and kept in good 
repair. All areas where the product will be handled must be kept 
separate from areas such as living quarters, offices, or engineering 
facilities. 
Fish should not be processed in the same room as meat, frogs' legs, 
chickens, etc. 
Single storey buildings are preferable to multi-storey ones as they 
do not have a load-bearing second floor, and the movement of raw 
materials and products is easier . Adequate drainage above ground 
floor level is an additional problem in multi-storey buildings. 
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Non-porous material should be used for all construction; wood. 
unsuitable for walls, floors, or any other parts of the building. ls 
Vermin and insect control 
The possible entry of insects, bird , and vermin such as rats aud 
mice, must be prevented at the construction stage. There should 
be no trees, gardens, cultivated areas, etc. in ide the site compound 
as these provide habitats for vermin and insects. The buildings 
should be surrounded by an area of concrete or tarmac. Flies, whicb 
are notorious for carrying disease, should be excluded from th( 
processing area. Devices which use ultraviolet light to attract flies 
appear to be ineffective in tropical areas, possibly because the sun 
shining through open windows is a brighter source of ultraviolet 
light than the trap itself. It is therefore probably more effective to 
exclude the flies than to try to catch them. Domestic animals such 
as dogs, cats, chickens, ducks, etc. should never be allowed to 
wander around in the processing area and should be banned from 
the site altogether. All these warm-blooded animals can carry 
pathogenic organisms. Water traps at the points where drainage 
channels pass through the walls to the outside should prevent the 
entry of rats, mice and cockroaches. 
Floors 
All floors should be made of a hard wearing, non-porous, non-slip 
material. They should be washable and should slope evenly to the 
drains. Corrosion-, erosion- and abrasion-resistant floor coatings are 
made especially for food processing premises. They often have 
thermal shock-proof properties as well, and some contain bacteri-
cides. Resin based flooring material are now widely used for food 
processing premises. They provide a durable covering which is 
extremely resistant to attack by oil, grease, acids and alkalis. They 
are laid in a liquid form which cures and ets in a very short time. 
Continuous layers without joints can therefore be completely water-
proof. Tiled floors are satisfactory provided that they are non-slip 
and the joints between the tiles are kept in good condition. Clay tiles 
5 cm thick and bedded in furane or cashew nut cement are suitable. 
Granolithic cement can be used but ordinary cement soon wears; 
it is also porous and subject to attack by acids and fish oils. Any floor 
surface used in the fish handling area must be able to be scrubbed 
and hosed down. The floor material should be carried up the walls 
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Ill and the joints between the floor and walls should be 
[or l~e~ (coved) where practicable. 
rou!l 
. se of trolleys with rubber-tyred wheels prevents the damage 
fh~ uh occurs when heavy boxes or tubs are dragged across the floor. 
whlc 
b floors must fall to the drain . They must slope continuously 
:od not allow the formation of pools of ~ateri a 1 in 90, or a 1 m 100 
11
1 pe is suitable. Slopes of more than 1 m 40 are dangerous. If any 
. ·~bing is used, the ribs should run towards the drain and not be 
11 
raJlel with them. All joints must be smooth and close fitting. pa 
Drains 
Flo r drains should be wide and deep, U-shaped in cross section 
!Figure 49), and have an even fall so that water cannot remain in 
rhem. They should be covered with removable metal gratings which 
should be level and flush with the floor. Outlets should have a catch 
basin outside the process area made of waterproof concrete. 
Drainage pipes should have a minimum internal diameter of 10 cm. 
A vermin-proof seal is essential where a drain goes through a wall. 
All drains should be designed so that cleaning with a rod is easy. 
10 cm (min) 
No corners to trap 
~---solid waste -
Figure 49. Cross section of a drainage channel. 
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Walls 
Walls in the processing area must be waterproof, smooth surfa 
and washable. Ceramic tiles are best but these are expensi~ed 
Corrosion-resistant metal such as tainless steel (expenshre) e. 
aluminium is also good, especially in areas where phy ical d3llla or 
may be expected. The protection should extend for at least 2 m ~e 
the wall. If concrete is used, it should be painted with a high glos p 
light coloured, non-toxic paint. Some mode1n paints incorpora:' 
mould inhibitors. Two part polymers can produce tough, bar~ 
wearing surfaces. Many special w all coatings. are now manufactllrect 
for use in food processing factories; th y are tough, easily cleaned 
and may inhibit bacterial growth. 
Ceilings 
These should consist of a continuous, smooth, unbroken surface 
painted with white, high gloss, non-toxic paint, and should be eas; 
to clean. Overhead pipework, ducting and exposed beams should 
be kept to a minimum . Flush light and ventilation fittings are 
desirable. 
False ceilings could be used to hide pipework etc . However, the area 
between this ceiling and the roof could become infested with 
vermin. 
Doors 
These should be self-closing and wide enough to allow for the entry 
and exit of equipment and boxes. They must be smooth surfaced 
for easy cleaning. Metal plates should be fitted flush with the floor 
surfaces to prevent rat damage and entry. Doors may need an addi-
tional metal covering; they should be very strongly constructed to 
withstand heavy use and to protect them from damage by trolleys 
and fork-lift trucks. A metal or a washable, well painted, light 
coloured surface is also required. A metal mesh screen or air curtain 
should be fitted wherever fly screening is needed. 
Windows 
Natural light is better and cheaper than artificial light, so large, 
simple windows should be fitt d . Gla s is not essential and may be 
a potential hazard to the product. If glass i used it should be 
strengthened or wire-reinforced, and it should be in a few large panes 
rather than a lot of small o;nes . All windows should be positioned 
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t liU above the floor. Window sills, if any, should be made 
:JC Jeascrete and slope downwards at an angle of 45 '?.Window frames 
ofcc:;d be aluminium or well painted galvanized steel; if wooden 
b-O 5 Jll.USt be used, they, too, must be well painted. fraJ!le 
1 ss windows are to be opened for ventilation, they should be I~t~e~ with fly screens which can be removed for cleaning. Fly screen 
h h can often be used instead of glass . !Iles 
ventilation 
proper ventilation provides comfortable working conditions and 
reduces the formation of condensation and the build-up of 
unpleasant odours. 
Air conditioning is not really needed and i expensive to in tall and 
operate in commercial premises; it is not a substitute for the u e 
of plenty of ice. Good ventilation, however, i essential. Exhaust 
fans can be very useful, but they must be fitted so as to exclude 
insects when they are not running; a correctly weighted flap is 
adequate. Ventilation ducts should be flush fitted, and all ventila-
tion openings should be screened with fly mesh on frames which 
can be removed for cleaning (except where fans are fitted). 
Lighting 
Fluorescent lights provide the best alternative to natural daylight. 
In the general working areas, a minimum of 400-500 lx (20 foot 
candles) is needed; this is roughly equal to a loading of 20-30 
W /m2 (or 2-3 W /ft 2 ) using fluorescent tubes. In inspection areas, 
about 1000lx/m2 (50footcandles) are needed. Lightmustbegood 
wherever knives are used. Fittings should be simple, corrosion-
resistant and easily cleaned. Lights hould be positioned so that if 
they are broken, glass will not contaminate the product. 
Toilet facilities 
Rooms should have walls with smooth, washable, light coloured 
surfaces. Floors should be non-porous, washable and easily cleaned. 
Rooms should be well lit and must be kept clean at all times. They 
must not open directly on to the processing area {Figure 50). 
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YES 
YES 
NO 
FOOD PREPARATION 
----~----~1~1~------~----­
CORRIDOR 
~v---r-~' 
CLOAKROOM ~ TOILET 
I 
CLOAKROOM 
TOILET 
FISH PREPARATION 
CLOAKROOM TOILET 
Figure 50. Alternative arrangemen ts for toilet facilities . 
Source: Redrawn from Primary Processing of White Fish by G. A. Garthwaite . Seafish Open 
Learning Module. Reproduced by permission of the Sea Fish Industry Authority (Seafish) , 
Seaiish Open Learning Materials were produced with British Government funding and 
are British Crown Copyright. Published with permission of HMSO. 
Flush toilets should be provided at the following ratios: 
Number of employees 
1- 9 
10- 24 
25- 49 
50-100 
Number of toilets 
1 
2 
3 
5 
An extra toilet is then required for every additional30 employees. 
A handwashing facility should ideally be provided in the factory 
entrance so that it can be used every time somebody enters. It should 
have hand hot (40-50 oq running water; pedal operated taps are 
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a and single-use towels should b provided and/ or hot air 
best: S ·i!s. No towels are neede~ for a wet proces room. ~paper 
hf!Jld d~·e used, a bin must be proVIded; the content of the bm must 
ro-wels d at intervals, well away froin th proc ssing area. 
be Jyorne 
AINTENANCB 
!vi 
11 
desigr1.ed and constructed factories often deteriorate rapidly 
we lack of maintenance. It is impossible to maintain good stan-du~toofhygiene in a factory with crack d floors, damaged walls and 
d<H 
5 
ally broken down equipment. Every effort should therefore be 
gendeer 0 maintain the factory as near to its new condition a tll8 
possible. 
WATER SUPPLY 
The water supply is one of th most critical factors when making 
p.roclucts which are safe to eat and which meet the required micro-
biological standards. Water from Jivers which are also used as 
lavatories is certain to contaminate the produce with faecal bacteria. 
Dock wat r is always filthy and is unsuitable for any part of any 
process including washing down. Even local authority water 
suppli s may need tp be filtered and chlorinated to satisfactory 
levels. The water supply should be checked for microbial con-
tamination at frequent intervals; the interval will vary according 
to the conditions found at earlier examinations and may be from 
one week or about once a month. 
There must be an adequate supply of good quality water for both 
processing and cleaning. It can come from a piped supply or from 
a well/bore hole but, whatever the source, the same criteria must 
be applied before it. can be used for food processing. The water should 
be free from suspended material, chemical pollutants, and above 
all, those bacteria which indicate faecal pollution, i.e., Escherichia 
coli. If the supply is contaminated with E. coli, chlorination will 
effectively remove it; chlorination is recommended in any case to 
help maintain standards of hygiene in the factory. 
All water used on the process line or for cleaning down should be 
:hlorinated. This is not a substitute for clean working practice but 
lt reduces the number of micro-organisms and prevents or reduces 
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odours. When chlorine or a chlorine salt is added to water, chlorine 
molecules are released. If the water contains protein particles or 
bacteria, molecules of chlorine will become attached to them so 
some of the chlorin e is used up. Some chlorine is also released as 
a poisonou gas w h ich must not be breathed in. Only water con-
taining free chlorin has any value as a bactericide, so the level of 
free chlorine mu t be checked at frequent intervals using a disc 
comparator or other device/kit. 
An in-line chlorination system in which the level of chlorine can 
be varied as and when necessary is best. Ultraviolet (UV) steriliza-
tion of water is another possibility, but as UV treatment cannot 
provide residual bactericidal activity, it is not as good as chlorina-
tion for maintaining water sterility. · 
Chlorination may be effected by 
• injection of chlorine gas 
• injection of sodium hypochlorite liquid 
• adding calcium hypochlorite as a powder. 
Whichever method is used, a disc comparator or test device/kit 
should be available to check the level of free chlorine. Daily checks 
should be made with an automatic system, and two-hourly checks 
if a manual system is used. If using a manual system in a water 
storage tank, the dwell time in the tank should be at least 20 min. 
A maximum of 5 ppm of free chlorine should be present in any water 
which comes into contact with the product, and 50 ppm should be 
available in water used for cleaning down the premises in a two- or 
three-stage process; if a one-step clean down is used as with the 
'Maelstrom', 200-400 ppm is used. If it is necessary to hold water 
in storage tanks, great care must be exercised to ensure that the tanks 
are kept clean; they must also be designed to prevent the entry of 
birds and rodents, and should be regularly inspected. 
Hot and cold water supplies for use on the process lines and in wash 
basins should be at a minimum pressure of 1.4 kg/cm2 (20 lb/ in2 l· 
Pipes must be big enough to carry the required volume. 
A high pressure system at 28 kg I cm 2 ( 400 lb I in 2 ) should be available 
for washing dow:h the premises and equipment. A portable systelll 
such as the 'Maelstrom' is suitable. 
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EQUIPMENT 
In ;01any parts of the world, it is traditional top rform m any tasks 
while squatting on the floor; this practice has no place in a modern 
factorY a it is impossible to keep the floor clean enough for food 
processing. Therefo.re the production area must be provided with 
tables, etc. on which the various operations can take place. These 
tables should have smooth impervious suTfaces (stainless steel is 
ideal) with no crevices to harbom food particles on which bacteria 
can. grow. Toxic metals such as copper must not be used. The table 
wps should be supported on rigid bases which can be made from any 
ill1pervious material; however, once again they must be easy to 
clean. 
All equipment must have smooth, easily cleaned surfaces. Plastic 
cutting boards should be used. Plastic, fibre-reinforced plastic, 
aluminium, and stainless steel, are all suitable materials for con-
tainers such as fish boxes and tubs; freezer trays should be of metal. 
Sinks and other facilities required for cleaning equipment should 
be in a room separated from the processing area. Large pieces of 
equipment should be positioned to allow for easy cleaning. There 
should be access for cleaning under equipment between the base 
and the floor. Some equipment should be dismantled easily for 
cleaning. Junctions between permanent equipment and floors 
should be covered for more efficient cleaning. 
The open grain structure of wood allows it to hold moisture and 
encourage microbial growth which can then be transferred to the 
product. There is no known method for ensuring that wooden 
surfaces are adequately sanitized. Even after washing with a disin-
fectant solution it is possible to isolate organisms protected in 
crevices in the wood surface. Therefore, wood should be completely 
excluded from the processing area and cold storage facilities 
wherever possible. 
CLOTHING 
:rotective clothing such as caps, gowns or coats, gloves and boots, 
~ lOuld ?e provided. These will help to protect the product from 
P~ntanunation by dust, dirt and hairs from the handler, and will also 
Otect the everyday clothing of the staff. Cloth items should be 
187 
Fish Working Premises: Design, Hygiene and Sanitation 
washed, preferably in boiling water. Plastic and rubber items should 
be wa h din ide and. out, soaked in water chlorinated to 50 PPrn. 
and then drained . They should be inspected before re-issue. Th~ 
laundry and the clothing issue room should be outside the main 
processing area. 
STAFF HYGIENE 
Many hygiene problems arise from the staff themselves. It is there-
fore important to ensure that they are healthy, and that they have 
a basic understanding of the need for good personal hygiene. 
Staff should not be allowed to work in a food processing area while 
suffering from intestinal infections as these may be transmitted to 
the food. Open cuts and boils on the hands may harbour pathogenic 
staphylococci, and any staff with such lesions should cover them 
with waterproof dressings. If possible, dressed cuts should not come 
into direct contact with food. If this is not possible, the members 
of staff affected should be transferred to areas where they do not 
come directly into contact with the food. 
Staff must be forced to wash their hands after every visit to the 
lavatory. It is often easier to enforce this rule if handbasins are situa-
ted at all the entrances to the processing area. Anyone who enters 
this area is then compelled to wash his hands, even if he has not 
come directly from the lavatories. 
As most of the operations in a seafood processing plant are wet 
operations, there is no need to provide towels of any kind at the hand-
basins in the processing area . This avoids all the problems associa-
ted with communal towels . Staff should be encouraged to keep 
finger nails short and clean as nails can be sources of product 
contamination. 
Staff should not be allowed to wear outdoor clothing within the 
proce sing area as standards of hygiene outside the factory will 
invariably be lower. Cloakrooms will therefore need to be provided 
where outdoor clothing can be stored during the working day and 
where staff can change into clean overalls. Cloakrooms should 
include lockers for the safe keep~g of valuables such as rings and 
watches which are not allowed on the factory floor . The factorY 
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hould provide all workers with clean overalls, hats and, where 
:ppropriate, rubber gloves. 
It is an unfortunate fact that many of the staff will carry Staphylo-
occus aureus on their hands and in their noses and throats. As it ~s illlpossible to rid the skin of these organisms by washing, rubber ~loves are advisable if the product is to be handled a great deal. If 
gloves are provided, every effort should be made to ensure that they 
staY clean (see clothing section). The wearing of hats in the food 
processing areas ensures that there is no fall-out of hair, dead skin 
scales, or dirt from the hair, on to the food. The hat must cover all 
the hair in order to be effective. Handkerchiefs are a potential source 
of contamination as they can harbour the staphylococci resident in 
the nose. Staff should therefore be encouraged to use paper tissues 
which can be burned after use. 
CLEANING 
At the end of the day's work, the production area will be littered 
with particles of food, water, and general dust and dirt. In order to 
maintain product quality, the whole area must be adequately 
cleaned and disinfected. If processing operations are continuous, 
a certain amount of time must be allocated for cleaning. Tables 30 
and 31 provide information on detergents and disinfectants which 
can be used in fish processing premises. 
Cleaning is essentially a three-stage process. 
1. All large debris must be removed with a brush or scraper, which-
ever is most appropriate. 
2. The whole area must be washed with clean water and the tables 
and utensils scrubbed clean with a plastic scrubbing brush. It 
may be necessary to use a detergent to remove dried on deposits. 
If so, a compound especially formulated for the purpose should 
be used. The manufacturer's instructions, i.e., the correct con-
centration and water temperatures, must be followed . Many 
household detergents contain perfumes and these may taint the 
product if used in the factory. Proprietary detergent/sanitizer 
solutions are produced commercially. As a general rule, deter-
gents and sanitizers should not be mixed as there is a risk that 
poisonous fumes will be produced. 
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Table 30 Types of detergent and their application 
Detergent type 
Acidic 
Neutral 
Mildly alkaline 
Strongly alkaline 
Caustict 
Abrasive 
Typical ingredients 
Acid, corrosion 
inhibitor, wetting 
agent• 
Synthetic surface-
active agent 
Synthetic surface-
active agent, 
polyphosphate, 
silicate 
Silicate, carbonate, 
polyphosphate, 
wetting agent* 
Sodium or potassium 
hydroxide, sodium 
orthosilicate 
Abrasive powder (4% 
on 150 mesh sieve) 
wetting agent, alkali 
Typical applications 
Removing heavy deposits 
of scale or dirt. 
Removing oil and grease . 
Removing fats and 
dissolving proteins. 
Softening water. 
Removing stubborn fats, 
dried proteins and tar. 
Scouring hardened 
residues. 
Limitations as to use 
Extremely corrosive, m~ 
be used when we•tring pr01 , , Y 
clothing including goggles ~~~Vt 
gloves. 
May foam in high pressure 
equipment . 
Prolonged contact with skin 
should be avoided . 
Contact with skin should be 
avoided. 
Extremely corrosive, must only 
be used when wearing protective 
clothing including goggles and 
gloves. 
Should not be used on soft 
surfaces such as plastics . 
*Detergents for use with mechanical applications should have low foaming properties . 
tThis product will usually be applied undiluted . 
Table 31 Suitable types of disinfectants and their applications 
Type 
Chlorine 
(a) hypochlorite 
(liquid) 
(b) CTSP crystals 
I c I hypochlorite 
Q.A.C.s 
Amphoteric 
Typical ingredients 
Sodium hypochlorite 
in solution to give 
10% chlorine 
(common household 
bleach) 
Chlorinated 
Typical applications 
Diluted to 150 ppm (half 
egg cup in 2 gallons) for 
general use on floors, 
walls and equipment. 
Stronger solutions up to 
1000 ppm may be used 
for very dirty surfaces. 
As above, but less 
trisodium phosphate corrosive in solution. 
Sodium or calcium 
hypochlorite 
Quaternary 
ammonium 
compounds 
Amphoteric 
surfactan ts 
Removal of stains on 
floors, walls, etc. 
Any surfate requiring a 
non-toxic, non-corrosive 
disinfectant with a 
detergent action . 
Any clean surface 
requiring a non-toxic 1 
non-corrosive odourless 
disinfectant with a 
detergent action. 
Limitations as to use 
Chlorine is extremely corrosive 
and must be handled with care 
especially in concentrated 
solutions. It is advisable to rinse 
metal surfaces after l 0 m in of 
exposure. 
As above, but more stable during 
storage. 
As for liquid hypochlorite but 
easier and safer to handle. 
Readily inactivated by many 
substances including dirt, soap, 
nylon, plastics and detergents . 
Expensive. 
Relatively expensive and readily 
inactivated by many substances 
including dirt, soap, nylon, 
plastics and detergents . 
From: Seafisb 11989) Guidelines for the Handling of Chilled Finfish by Primary Processors. Hull: Sea Fish 
Industry Authority. 
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whole area must be disinfected by drenching or fogging with 
J. tl~:cb (50 ppm free chlorine). Bleach may react with certain 
bl tals so they must be checked beforehand. The bleach sbm.lld 
!11~ be rinsed away but left overnight to acti the area should then 
00 
washed down.with fresh water at the beginning of production 
be . d 
the followmg ay. 
i.ff cult cleaning jobs may warrant the purchase of a high pressure 
D ~g 111achine. These machines deliver ajerofwater at approxi-cle~ely 3500 kPa (500 p.s.i .J and most have facilities for mixing 
~18 ergent or disinfectant with the stream o£ water. They are par-t.e~larlY usefulfm items ofequipmentwhich, due to their intricate ~~sign, are difficult to clean with a brush. They are also very good 
for cleaning rubber conveyor belts such as thosdound on automatic 
rawn grading machines. However, because of the very high ~ressures generated, care must be exercised when using them as they ~uay :inflict considerable damage on badly maintained cement floors 
and wallsi they may also cause injury if diiected at other personnel. 
Although these machines effectively remove deposits from 
machinery, walls, floors and drains, the loosened dirt cannot usually 
be carried away by the low volumes of water involved. It is therefore 
necessary to hose down the items which have been cleaned by 
machine with a low pressure hose and large volumes of water. 
FURTHER READING 
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BLACKWOOD, C. M . (1978) Water supplies for fish processing 
plants. FAO Fisheries Technical Paper, No. 174. Rome: Food and 
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Plant Operators. New York: Osprey Books. 
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15. PACKAGING MATERIALS AND METBoDs 
Packaging in various forms has been used for tb u ands of year f 
carrying foods. Wooden boxes, leath er and cloth bags, eartheuwa Ot 
pots, and even string or rope for making bundle , ar e tYpicr~ 
examples. The object of packaging is to k eep food mate.rials togeth: 
for ease of transport and to provide protecti n for the product du.rin; 
storage, transportation and handling. 
Early forms of packaging for fish products consisted mainly of 
wooden crates, woven bamboo/ palm ba k.ets, and wooden pickling 
barrels. Nowadays, m etal, glas , paper, and particularly, plastics 
have become more important, especially as retail packaging tech~ 
nology has developed to cater for expanded and improved marketinp 
operations. 
DEVELOPMENT OF MODERN PACKAGING MATERIALS 
In recent years, consumers, retailers and producers have demanded 
improvements in the marketing, storage and handling of fish and 
fish products. Combined with the higher turnover of fish products 
and commercial competition in the market, this has stimulated the 
development of more modern and efficient packaging. 
The marketing infrastructure and related technology has developed 
along with the fishing industry. Marketing in a modern developed 
nation is highly competitive, and it is this competition which has 
spurred industry to research and develop new forms of packaging 
which might give one manufacturer and retailer the advantage over 
another. It must be emphasized that packaging is a very powerful 
marketing tool, especially in the retail sector. It is used to display 
information and attract the consumer as well as to protect the 
quality of the product. The packaging and presentation of many 
fisheries' products in developed countries is now extremel) 
sophisticated. 
The materials, containers and packaging used for the following 
processes are considered: 
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bull< packaging of fresh fish; 
(a.l wholesale packaging of fresh and frozen fish; 
::: retail packaging of. fresh and frozen fish and fish products; and 
(dl air freight packagmg. 
fACTORS WHICH AFFECT THE CHOICE OF PACKAGING 
Mf.TERIALS 
.,.,re 51 illustrates the various parameters which influence the 
Plb- k . . l 
choice of pac agmg matena s. 
Factors to protect against 
---------------------------
Oxygen 
1----+---- ---Product --- - ----t--- --- - ----1 
Ease in 
handling 
Water 
content 
Flavour 
Economic I ergonomic factors 
Price 
Figure 51. Factors whiCh influence the choice of packaging materials. 
S.lco 
appeal 
Source: Redrawn from Princ;iples of Food Packaging, An International Guide edited by R. Hei . 
Published by arrangement with the Food and Agriculture Organization of the United 
Nations by P. Kcpplcr Verlag KG, Abt. Central-Druck, 6056 Hcu ensramme,lndustric-
strasse 2, Germany. 1970. 
The development of packaging technology is seeking to optimize 
these requirements to produce a package which is economically 
viable and ideally suited to a particular product. 
Fish packaging should 
(a) reduce fat oxidation especially in the more fatty species such 
as mackerel, herring and salmon; 
(b) reduce dehydration in frozen products which leads to severe 
textural deterioration and freezer burn; 
(c) Reduce bacterial and chemical spoilage; and 
(d) prevent odour permeation. 
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Other desirable characteristics are 
• wet strength in the case of wrapped wet fish 
• non-stick properties, especially in frozen portions 
• pliability under frozen conditions where fracture may easil 
occur Y 
• resistance to sub-zero temperatures for frozen products 
• oil resistance 
• strength and full retortability for aseptic products. 
HANDLING FRESH FISH 
After the fish have been caught, they may be loaded into wooden 
I 
plastic, or alloy boxes and iced. Similar uni ts ate used throughout 
the distribution networks. In the UK, wooden boxes have been 
replaced by plastic boxes which are more hygienic, lighter and 
stronger. However, wooden boxes are still used extensively for fresh 
distribution in many tropical countries. Plastic boxes (Figure 52) 
are made from low density polyethylene (LDPE), high density 
polyethylene (HDPE) and polypropylene . 
Ideally, fish boxes should have the following properties . 
(a) They should be of a size suitable for the range of fish to be 
handled. 
(b) They should be easy to manage when full of fish, and easy to 
clean after use. 
(c) They should be designed to allow for safe stacking, and they 
should nest when empty. 
(d) They should protect the fish from crushing, spoilage, environ-
mental pollution and pilferage. 
(e) They should be easy to store and effective for transporting 
chilled fish. 
(f) They should allow for easy determination of the quantities 
of fish on display in markets . 
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Figure 52. Designs of plastic fish boxes. 
Source: Redrawn from Lisac, H. 11981) Fish boxes- their selection and use. Infofish Marketing 
Digest, Oct 81: 28-31. 
The box should also be available at a reasonable cost . ll ice is to be 
used, the box should have drain holes to allow the escape of melt-
water. Boxes used for iced fish should either be insulated or held 
in insulated or refrigerated containers for storage . 
WHOLESALE PACKAGING 
In this section, the packaging used for fresh and frozen fish, which 
may or may not have undergone some processing but which is 
destined for further processing and sale by caterers, retailers and 
institutions, is considered. 
Paper pulp boxes impregnated with resins have been tried, but 
fibreboard boxes and corrugated board cartons are more effective. 
These are waxed or coated with polyethylene, and they sometimes 
have expanded polystyrene linings to improve their insulation. 
They are normally used for the storage and transport of wet fish from 
port to fishmonger, caterer or institution. The boxes are delivered 
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pre-printed and flat, and are folded or titchedin situ. When the b 
has been filled with fi hand ice, it is sealed with polypropyle:u 0 lt. 
metal tape for security. These boxes are non-returnable and ..,e 0 t 
in capacity between approximately 3 and 28 kg. They can alsoa~'l 
used for ~ 
• freezing wet fish 
• storing wrapped and unwrapped frozen fish 
• storing individual quick frozen and cured products. 
The mo t common pack for frozen fish is the interlocking, printed 
polycoated, fibreboard carton. It is produced by punching out Pre~ 
forn1ed shapes from large sheets of normally pre-printed material. 
these can then be folded into carton blanks ready for filling. Inne; 
pouches f polyethylene, cellulose or nylon may be included. 
Paper (fibre) board boxes coated with polyethylene are also used on 
board fishing vessels, and in factories, for packing fresh and frozen 
fish. These can be stored flat, unmade, to conserve space. As they 
are very light they eau also save on freight costs. 
Expanded polystyrene boxes are now commonly used for fish and 
shellfish distribution. They are non-returnable, have a wide range 
of capacities, and can be used to move fish from the wholesaler to 
the retailer and catering establishments; the fish can be chilled or 
frozen. Depending on the design, expanded polystyrene containers 
are relatively strong and if handled correctly, offer good protection 
for the fish during distribution. This type of box also has good heat 
insulation properties. 
Corrugated polypropylene represents another development in 
plastics technology. Although it has not yet been used to any great 
extent in the fishing industry, it will certainly have useful 
applications in the future. 
Nowadays, a lot of fish are exported frozen in corrugated fibreboard 
boxes, often with polyethyleue liners. These boxes can either be 
filled with glazed fish and individually quick frozen products, or 
with cellophane-wrapped and cartoned products ready for retail 
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fish blocks can be packed in polyamide/polyethylen 
pro~e~te bag . The polyamide gives strength to the bags at low tem-
Jn.tJ:lJ!lures, reducing the problem of bag teaT sometimes caused by 
pera.t dges on the frozen block. 
5baJP e 
1Y frozen packs IJfOC~ . 
· f d is often block frozen. The product, which may be shell-on 
sea ;p peeled shTimp or scallops, is packed in a fibreboard carton 
s~r b. a liner and then the whole pack i plate frozen. These packs w~tsolid. They give good product protection because only a relatively 
are all surface area is expo ed and this can easily be glazed. Block 
::zen packs can be easily transported and stored because of their 
olid nature. However, the whole block must be thawed before any 
fish can be used and this can make block frozen packs inconvenient. 
Frozen blocks in fibreboard cartons are frequently placed in corru-
gated cardboard master cartons for cold torage and distribution . 
JQF, layered and shatter packs 
These packing styles are commonly used for th distribution, 
.includi.J;lg export, of frozen fish and shellfi h. 
Individually quick frozen (IQF) products are frozen, glazed, placed 
in polythene bags, and boxed. Thes products are useful because 
they can easily be repackaged for retail sale; as they are frozen indi-
vidually they can be removed from the pack as and when required, 
which is particularly useful for caterers. However, the large exposed 
surface area means that IQF products are susceptible to dehydration 
during storage; the dehydration can be reduced by good glazing and 
hick polythene bags. IQF packs are used for fillets, small dressed 
and whole fi h, peeled shrimp 1 era b products in -shell and shellfish 
meats, e.g. scallops. 
Layered packs usually c nsist of layers of fillets, separated by layers 
of polythene, packed into polycoated fibreboard boxes. The 
inclusion of polythene means that the fillets can be separated from 
the pack as required. To avoid later eparation difficulties the fillet 
should be packed so that they are barely touching one another . The 
whole pack is then plate frozen, and tmee or four frozen fillet packs 
are placed in a cardboard master carton for storage or distribution. 
As less surface area of product is exposed to the air, the problem of 
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dehydration i not as great as in IQF packs. However, platefreez· 
compres es, and sometimes di torts, the fillets in layered packs lllg 
this makes them unacceptable to retailers. Layered packs are ea:~{j 
to stack, handle, store and transport than IQF packs. let 
Shatter packs are layered packs which, because of the way the fillet 
are arranged, can be separated into individual frozen fillet pieces b s 
a firm physical shock. Shatter packs are particularly useful for hotel' 
and restaurants because individual frozen fillets can be remove~ 
without defrosting the whole pack. 
TRADITIONAL PACKAGING 
In some countries, the fish boxes described above may be unobtain-
able and too expensive to import or manufacture. It may, however 
be possible to construct improved fish boxes from locally availabl~ 
and cost effective materials (Tables 32 and 33). 
Traditional containers include round baskets made from natural 
plant fibres, wooden boxes, metal bowls and, for dried fish, 
cardboard boxes. 
Table 32 Characteristics of various traditional fish containers* 
Container Strength Initial costt Weight:f: Durability 
Crates Strong Cheap Heavy Good 
Baskets Moderate Cheap Light/medium Fair 
Cartons Weak Cheap Light Poor 
Metal headpans Strong Expensive Medium Good 
Plastic head pans Moderate Moderate Medium Good 
Glass boxes Strong Expensive Heavy Good 
Jute bags Moderate Moderate Light Good 
Polysacks Strong Cheap Light Good 
Paper Weak Very cheap Very light Poor 
Leaves Weak Very cheap Very light Poor 
Polythene pouches Weak Very cheap Very light Poor 
*Container characteristics are based upon handling practices by fish traders. 
tCost and durability depend on material used for manufacture. 
:f:Heavy > 5 kg 
Medium >I < 5 kg 
Light 0.1-1kg 
Very light< 0.1 kg 
Repairability Hygiene 
Yes Poor 
No Poor 
No Good 
Yes Good 
No Good 
Yes Good 
Yes Poor 
Yes Poor 
No Poor 
No Poor 
No Good 
From:Essuman, K.M. and West, W. B. Q. (1990)ArtisanalfishcontainersinGhana.FAORAFRPublicati0115• 
Fl. 
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cost of various fish containers* 
Capacity (size) Unit costt Level of Life span 
(Cl) utilization:f 
crates: 20 kg (63 cmx46 crux 13 cm) 200 4 1-2 years but 
S!llatl 25 kg (69 cmx47 cmx 18 cm) 250 4 1-2 years repairable 
[Vledillril 30 kg (70 cmx 51 cmx 19 cm) 300 4 1-2 years 
LMge 
1\;lsk~ts branches) 20-25 kg fresh fish 250 5 6-12 months (pll J1l 
ortons: 20-30 kg 150 Disposable 
NeW 
old discarded 25-30 kg 50-100 3 Disposable 
flc:ldpans: 20-25 kg fresh fish 2200 5 5-10 years Alumimum 20-25 kg fresh fish 2500 5 5-10 years EMmel 
p]<tstic 20-25 kg fresh fish 800 3 3-5 years 
Cl<tss boxes 5-10 kg fried fish (40 cmx25 cmx 18 cm) 1500 2 8-10 years 
S·tcks: 
45-50 kg (Dried anchovies) 350 4 2-3 years 
·'Old jute bags (large) 
New jute bags (large) 45-50 kg (Dried anchovies) 500 2 3-4 years 
Old jute bags (small) 20-25 kg (Dried anchovies) 150 4 2-3 years 
New polysacks 25-30 kg (Dried anchovies) 150 2 3-5 years 
Old polysacks 25-30 kg (Dried anchovies) 100 4 3-5 years 
P:1per: 
Plain unused 
newsprint 200 cmx45 cm 20 5 Disposable 
Leaves 0.5-2.0 kg cured fish 2 5 Disposable 
Thin polythene pouch 2-5 kg fresh fish 5-10 2 Disposable 
Plastic shopping bag S-1 0 kg fresh fish 20-30 3 Can be used twice 
·Based on a study in Accra and Tema. Scarcely used 2 Limited use 
tuS$ =a 265(April1989). 3 Fairly popular 4 Popular 
:!:Level of utilization (scale) by the Artisanal Fishing Industry. 5 Very popular 
From: Essuman, K. M. and West, W. B. Q.(l990)Artisanalfishcontainersin Ghana. FAORAFRPublications, 
Fl. 
Improvements to the icing of fish in traditional baskets include 
putting the fish and ice into polythene bags (Figure 53), or lining 
the inside of the basket with polythene sheet or another suitable 
material to provide added insulation. Other insulating materials 
include cork, expanded polystyrene, sawdust, and natural fibres 
such as kapok, cotton, wool, and coconut fibres. Although many 
of these materials should not be used in direct contact with ice and 
fish, they can be used as insulation if protected by waterproof 
materials such as polythene sheet. 
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Figure 53. Improved method of carrying large fish in ice in baskets. 
Source: Redrawn from FAO Fisheries Circular, No. 824. Food and Agriculture Organization of 
the United Nations, Rome. 1989. 
RETAIL PACKAGING 
Pre-packed fish provide the following advantages. 
(a) Customer self-service is facilitated and this is conducive to 
rapid sales turnover. 
(b) Scrutiny by the customer is allowed. 
(c) The risk of contamination by air-borne dirt and bacteria is 
reduced. 
(d) Brand name merchandizing and date marking, etc. are 
facilitated. 
Traditionally, wet fish were sold on counters surrounded by ice. The 
modern trend however, is towards a standardized unit pack which 
for wet fish, normally consists· of a tray coated in a thin transparent 
film overwrap. The tray can be made of formed paper pulp; however, 
although this has the advantage of absorbing the excess moisture 
or drip, it may collapse if it becomes too wet. Thermoformed trays 
(made by the application of heat to moulds) can be constructed from 
a single material such as PVC or polystyrene. Trays can also be made 
from laminates of PVC and polythene, or polystyrene and polythene. 
Laminate trays tend to provide a better water barrier and have 
superior sealing and strength characteristics than single material 
trays. 
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ble!ll of drip from fillets or fish with cut surfaces can be 
-rbe pro ted by dipping the fish into a solution of food grade poly-co·uocerat~s. These, in effect, bind the water and prevent its subse-
phosP~ass during storage. Altematively a moisture absorbent pad 
quent ~aced in the bottom of the tray to collect drip.1?ads are often 
cn11 b~ P, freeze thaw' fish packs in which frozen fish are thawed and 
cd Lll f 
tlS _: 1 d in the fresh orm. retaJ.).e 
are p.ormally sealed either by enclosing them within an outer rraY~ondary pack, or by sealing a lid on the top of them. PVC cling-
~rse overwraps, single layer and laminate bags or pouches, and 
filiPi:Okfilm wraps, are different methods of enclosing a tray. Cello-s~ane laminated with polyvinylchloride (PVCL polystyrene and 
P · entated polypropy lene [PP) have excellent water vapour barrier ~;~perties which prevent excessive water loss from the fish flesh. 
If trays are to be lidded it is important to ensure that the lid and tray 
1uaterials are compatible. Lid materials are based on polyester films, 
i.e.
1 
polyester/polythene laminates. In convent~onallidding, the 
material is drawn over the filled tray and sealed to the tray flange. 
The tray and overwrap pack is common in fast turnover super-
markets in the UK. However, it is best to store wet fish for prolonged 
periods on ice. 
Modified atmosphere packaging 
The storage life of some chilled fish products can be extended by 
packing them in a modified atmosphere of nitrogen1 carbon dioxide 
and oxygen (Table 34). The mixture of gases in measured propor-
tions replaces the air in the pack. Carbqn dioxide inhibits bacterial 
spoilage, and oxygen can prevent colour changes and bleaching; 
nitrogen, which is an inert gas, dilutes the mixture. A mixture of 
just carbon dioxide and nitrogen can be used for some products, and 
nitrogen alone is used in frozen packs because carbon dioxide can 
be absorbed by the pack and lead to tray collapse. 
Materials used for modified atmosphere packaging must be highly 
impermeable to gases in order to maintain the appropriate gas 
mixture in the pack. Polythene provides a poor oxygen barrier com-
pared to a composite of polyester and polythene, or nylon and poly-
thene. A coating of polyvinylidene chloride can improve the gas 
barrier properties of a material. 
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Table 34 Gas ratios for modified atmosphere packaging 
% of gas in mix 
Product COz 02 Nz 
White fish 40 30 30 
Shrimp 40 40 30 
Herring 60 40 
Smoked fish 60 40 
White fish fillets of high initial quality, packe in the recon:tr:n 
ded gas mixture with a gas to product volume in the ratio of 3 :1 ~n­
have a storage life at 0 °C up to 5% longer than those stored u~d~ 
vacuum or unwrapped. 
Vacuum packaging 
Vacuum packaging, which consists of the removal of air from a pack 
requires the use of high gas barrier packaging films such as poly~ 
vinylidene chloride or polyester. Removal of oxygen reduces aerobic 
bacterial spoilage, fat oxidation and rancidity, and therefore extends 
the shelf-life of the pack. Strict hygiene procedures must be observed 
during the preparation of vacuum packed fish because under 
anaerobic conditions, such as those found in vacuum packed foods, 
the development of anaerobic pathogens can occur. The growth of 
dangerous pathogens such as Clostridium botulinum is more likely 
to occur if the pack is subjected to temperatures in excess of 3 oc. 
· Vacmim packaging is used for a variety of fish and shellfish products, 
including smoked fish. 
Boil-in-the-bag 
Boil-in-the-bag pouches are made from high density polythene with 
the inclusion of 10-20% polyisobutylene and a laminate of 
polyester, or nylon and polythene. The pouch is usually protected 
inside a polycoated fibreboard box which displays information about 
the product. There is no need to remove the fish from the pouch 
before cooking; the sealed pouch enclosing the product is immersed 
in boiling water for a specified length of time. Recent developments 
in cured fish packaging include the use of polyamide/polyethylene, 
and polyester/polyethylene, laminated films. These allow the 
product to be boiled in the bag. Vacuum sealing ensures that they 
do not float in the pan during cooking. 
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k ging of &ozen fish 
ttecail P11~ 3 w the 1nost important method of preserving fish for preezill~ 1~ 11~£ ti.nle and has obvious advantages for retail market-
1011g pe!l? ~ortance of the packaging for frozen produce is seldom 
i11g. Tl~e ~ The most crucial feature is the water vapour barrier :lP.Pr~cl~t~y· the packaging material. Dehydration of frozen fish 
proVlde. undesirable freezer burn and increased oxidation of the 
rcsults.lDThe pack must therefore meet all the requirements £or a 
·oduct. l' d. p· 51 P1 ackage out me m lgUie . good P 
blocks (not to be confused with block frozen) of filleted white ~rc;;~:n be processed in to finger.s or pieces. !"--la:ge percen tag of the 
;~s h onsumed in the UK today 1s eaten as fish fingers or pre-formed 
/
5 b ~ieces . These are packed into folding cartons made from poly-
15hylene-coated paperboard. Polyethylene has better water barrier 
er. operties than wax so an inner lining is unnecessaryi this reduces ~~st and results in a more attractive carton than the waxed 
predecessor. Breading and partially frying the product also helps to 
prevent water loss and oxidation. The packs can be folded, filled and 
sealed automatically with very high mechanical efficiency. They 
nsualiy have simple tear-off ends for ease of use. 
This kind of pack offers an ideal method of merchandizing and has 
attracted a great deal of technological input. Much of today's packag-
ing technology is concerned with improving the laminates used in 
combination with paper board, and the method of direct printing. 
A lot of fish are sold nowadays in bulk retail packs for the home 
freezer. They are normally packed in polyethylene-coated paper 
sacks or bags which, as the contents are used, can be rolled down 
and re-closed by hand. These packs are normally filled with fish 
fingers or fish pieces of a standard size and weight. If the size and 
weight of the product is likely to vary, many high speed filling lines 
have automatic, computerized, check-weighing machines which 
select and group products of the correct weight for packing. This 
ensures that no underweight or overweight packs are made and 
improves line efficiency, an all important factor in high turnover 
operations. 
Frozen fish and shellfish which are vacuum packed are well 
protected against freezer burn and frost formation. This is because 
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of the thorough contact which the packaging material makes w· 
the fish surface, the removal of air from the pack, and the physi !tb 
barrier of the packaging material. ca.l 
Thermoformed polyester trays are used for packaging prodl.lct 
which can be heated in microwave or conventional ovens . Thes s 
products can either be chilled or frozen before cooking. High densit e 
polyethylene and polypropylene trays will withstand microwa./ 
heating, and crystalline polyester trays can be heated to 220 °C i~ 
a conventional oven. 
STRAPPING 
Metal or polypropylene strapping can be used for carrying and 
securing boxes. Synthetic straps have certain advantages over metal 
onesi they do not rust, they have up to twice the breaking strength, 
they do not cut easily into the boxes, and they do not cause injury 
to the workers. Metal straps have been dispensed with in the!ndia11 
prawn freezing industry. 
ADDITIONAL RETAIL PACKAGING METHODS 
Aseptic packs-cans 
Most of the fish processed by canning are salmon and pelagic species 
although some shellfish are also canned. 
Fish have been canned for many decades and recent developments 
have been concerned primarily with new· container shapes, easy-
to-open lids, and aluminium bodies. The traditional, cylindrical, 
three piece can is still commonly usedi the other popular type is the 
two piece can made from tin plate or aluminium alloy. Two piece 
cans are also available with scored top panels (ring pull cans) for easy 
opening. These are used not only for sardines, but also for fillets of 
larger fish, and small herrings in oil or sauce. They are lacquered 
inside with phenolic (or 'sea-food') lacquer. This is especially 
resistant to sulphurous attack from the high proportion of sulphur 
amino acids which are contained in fish and meat products. Also 
thepresenceofthedepolarizer, trimethylamine oxide (TMAO), can 
lead to pin-holing unless lacquer is applied. Tin plate is also 
lacquered. The main advantage of using aluminium rather than tin 
plate is that easily opened ends can be used. However, tins of this 
kind can cost up to twice as much. A more detailed analysis of can 
designs and materials will be found in the canning section. 
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tic packs-pouches 
MeP are fairly recent developments which have become practic-
'fb.e~ecause of the improved polymers an~ lamination method~ now 
llb1~ 1 ble. Flexible pouche serve essentially the same functwn as ~'i72.1 ai.e., they maintain absolute product sterility following con-
caJJUS~d heat sterilization in a retort. 
t!O 
ical pecificationfor a pouch would be an external ply of 0.012 
A tY:olyester or polyamide, a middle layer consisting of 0 .009 J.lm 
~r; and a 0.065 J.llTI polypropylene or modified high-density poly-
e~;l~lene film as the heat-sealing ply inside the pouch. 
poucb-form.ing material is available in rolls which, in a continuous 
peration, can be cut to the correct length, heat-sealed, and chopped ~0 forxn the pouch. The pouch is then filled, evacuated and heat-
ealed before retorting in a process similar to canning. The 
advantages of pouches are as follows. 
[a) They are low in weight and volume, especially when empty. 
[b) They are available in a range of sizes. 
[c) They can be opened easily using a tear-off corner strip. 
[d) They can be used for boil-in-the-bag applications. 
[e) They reduce processing time because of their large exposed 
surface areai this results in a better quality product . 
[f) They have marketing appeal. 
(g) They are easy to seal. 
(h) They are not perceived as canned products. 
However, they also have the following disadvantages. 
(a) They are less robust than cans and may therefore be associa-
ted with an increased risk of infection. 
(b) Packing and sealing operations take much longer than those 
on modern automated canning lines. 
(c) They are no cheaper because of the need to use secondary, and 
perhaps tertiary, packaging to protect the pouch. 
Potential for developing countries 
Generally speaking, a normal can does not present the problems 
Which are associated with filling flexible pouches and with their 
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subsequent abuse. For a country with a limited technological b 
ground, a can i preferable. However, tin plate may be very ex ac::~. 
sive if it has to be imported, especially i£ it is pre-formed. RoUen_, 
pouch material, or pre-form d pouches, which could accorn:nlods Cl{ 
the same volume of product as cans, would be much lighter aud at<! 
up le space. Al o, machines for f01ming and filling cans are ~ak.e 
more expensive than those for forming and filling pouches and t~ch 
must usually be centralized. Pouches, on the other hand, ca:n ~}' 
formed at different sites and distributed locally for filling, ealiJ:t e 
on a simple bar sealer, and autoclaving. g 
Packaging in pouches could improve living tandards by making Pro. 
cessed fish available to those who would not otherwise have th 
opportunity for eating it. However, at the present stage of develop~ 
ment, p uchesrequire careful handling after sterilization to avoid 
the surface contamination which could result in the entry of patho. 
gens through pinholes. Various codes of practice have beer 
developed for the handling and storage of pouches, but it is doubt 
ful if these could be strictly adhered to in a developing country. 
Flexible laminated pouches have also been used for frozen kippers 
and similar products without sterilization. Although this results 
in a high quality, long shelf-life product with no detectable rancidity, 
strict hygiene is essential if there is a risk of the growth of patho-
genic organisms. 
Aseptic packs-semi-rigid containers 
Semi-rigid containers can overcome the problems of slow filling and 
sealing associated with pouches. Semi-rigid packaging develop-
ments include the 'plastic can' and the extended foil laminate cup. 
The plastic can was developed in Sweden in 1977. It is rectangular 
in shape and constructed from a polypropylene/foillaminate which 
can be printed. Foil laminate cups are made by stamping out shallow 
cup-shapes from a reel of aluminium foil which is laminated to an 
orientated plastic film slightly thicker than that used for the flexible 
pouch. The cup is then filled and a flexible lid of similar material 
heat-sealed into place. 
Developments in this area offer considerable potential as replace-
ments for conventional tin plate cans which are becoming very 
expensive. 
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sALTED AND MARINADED FISH 
.lfoJ(.BD, a1 · d · d' £. h · · jY> Jll.Oking, s tmg an marma mg J.S unproves lts storage it110ugll~hilled conditions/ it is important to remember that it is 
ufe uode:xtre:m.ely perishable product which is vulnerable to 
·dll 11~ dehydration a:nd bacterial iniection. The packaging used 
0t1d8 00~~permea ble to water vapom, oxygen and flavour volatile . 
must b:;ttles are commonly used for cured fish . Vacuum packag-
G18~5 Jso suitable as long as proper controls are maintained during 
iJJg 15 a · Anaerobic conditions can lead to the growth of Clostridium 
stora;;·urn which can form the toxin responsible for botulism. 
/Jo~a tly controlled hygiene and storage practices (especially during 
tn~l:ing) are required with this type of product because the acidity 
ret:n not necessarily be high enough to prevent the growth of J]lay 
athogens. Fatal ea es of botulism have be n reported because of 
fp ·1ure to adhere to the correct procedures. at 
If fish such as herring are marinaded in vinegar, which is mainly 
acetic acid, the acidity may be high enough (or the pH low enough) 
to prevent the growth of any pathogenic organisms. 
The bulk pickling of fish such as herring is now often carried out 
inpolyethylene drums, the traditional wooden barrels having been 
replaced. 
SOME SHELLFISH PACKAGING MATERIALS AND METHODS 
Shrimp 
Shrimps are usually placed either in waxed cartons, or in the 
preferred polycoated cartons, and frozen. The cartons may have an 
inner lining to prevent dehydration. Alternatively, they may have 
holes in them so that the shrimps can be glazed by dipping the whole 
carton in water. The shrimps can also be glazed by opening the 
cartons and spraying them with water. 
Experiments have shown that unglazed shrimps can be stored suc-
cessfully for 12 months in a waxed carton with a moisture-proof 
overwrap. Savings can therefore be made in freezing time, freezing 
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costs and transportation costs as the extra weight (up to lSo 
glazing ice need not be carried. Yo) Cl! 
The development of individual quick frozen (IQF) commod .. 
produced by drum, fluidized-bed, belt, gyro or spiral freezing ltles 
r suited in the use of pol yethy lene bags or, more recently, the;,!as 
formed linear pol ye thy le ne containers wi tb heat seal able and sn °' 
on lids. Shrimps may also be canned in water or brine. ap. 
Crabs 
Crab are normally sold fresh or alive. However, becau e of th 
sea onal nature of crab fisherie , there is a need to preserve sorn: 
of the catch. Crab meat is very delicate and does not store well, even 
if frozeni there are problems with toughening of the texture and 
colouring. If crab legs are cooked, frozen, glazed, packed in fibre. 
boardcartonsandstoredatO op ( -18 °CL theyremainpalatablefor 
about nine months. 
King crab, which is one of the USA's seven commercially impor 
tant crab species, is landed whole and cooked immediately, the gills 
and viscera are then removed. The top shell is also removed and the 
tail is separated from the body. The remainder is referred to in the 
trade as the crab legs, and the claws connected by the shoulders. 
These are processed by removing the meat and plate freezing it intQ 
Slb (2.2 kg) blocks. The blocks are polywrapped and placed in fibre-
board cartons to avoid dehydration . The packed cartons are placed 
in batches of six into outer, master cartons ready for storage or 
transportation. 
Lobsters 
Lobsters are frequently sold alive. However, spiny lobster tails from 
the tropics can be frozen, wrapped in nitrocellulose-coated cello-
phane and packed in waxed board cartons. Both crabs and lobsters 
may also be canned in the normal way. 
Polyethylene-coated fibreboard boxes are again used for the live 
transport of lobsters. The animals are placed in the boxes separated 
with straw, and the box is strapped for security. 
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d lobsters are cooked and then sealed whole in salt water 
111 B!l
3 ~pouch. These packs are designed for the retail market 
jo•t V301 aded according to the size of the lobster. Lobster is also t~~,d .ar~ ~cans, but rather than heat treat the canned meat, freezing 
r rail~ to reduce microbial activity. Freezing is preferred because 
iS use ot affect the meat textme as much as heat treatment. Frozen irdoes~\obster is also known a the 'cold pack' and must remain 
,.anne il d 
.... unt consume . frozen 
sters and clams 
or ters and clams are highly perishable commodities which are 
OY~ested only during the cold weather in the USA. At present, most 
hat sold in refrigerated form in thermoformed plastic (polystyrene/ 
are l · · h lid H 1 · olyerhylene contarners Wit snap-on s. owever, t 1ere 1s a 
p o-ve toward frozen products for which polyethy lene or ny Ion bags 
:irh an over-wrapped carton could be used. These would provide 
11 barrier against water los and oxidation. 
Pasteurization and vacuum packing in flexible polyester pouches 
can extend the shelf-life of oysters up to three months. 
AIR FREIGHT PACKAGING 
Air freighting seafood between and within countries has .now 
become more economically feasible and practical. For example, 
fresh, frozen and live fish and shellfish are air freighted from 
Australia to Japan, Europe, USA and the Far East, and chilled fish 
are flown from the Seychelles, India and the Middle East, to Europe, 
and from East Africa to Europe. 
The type of packaging used for air freighting is important and can 
make the difference between an airline accepting or rejecting a con-
signment of fish. The same considerations given to the packaging 
of any perishable food should be given to the packaging of fish. The 
country for which the products are destined may have packaging 
standards for imported goods which must be met in order to be 
allowed entry. 
The air freight container must 
• insulate against heat and cold 
• give physical protection to the products 
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• meet airline weight and size standards 
• be watertight and unable to contaminate other cargo or th 
aircraft e 
• be easy to handle. 
Types of container 
Large metal containers 
These containers are commonly used in the USA and are desigu_ed 
for carriage on wide-bodied jets. They come in a variety of sizes· ou. 
' e 
of the largest is capable of carrying up to 6 t of product. They ru:e u.o 
watertight so proper pre-packaging of products is neces ary in orde; 
to avoid leakage which could cause corrosion of th e aircraft hold. 
Packaging for smaller consignments 
Boxes capable of carrying up to 200 kg of product are made frorn 
fibreglass, expanded polystyrene, corrugated board or a combination 
of these two. Collapsible, re-usable boxes made from plastic and 
injected polyfoam are also used. It is often necessary to place a plastic 
liner in the box to ensure that the containers are watertight. 
Packing chilled fillets 
The following method is suggested as one way of packing fresh fillets 
for air shipment. 
1. Chill the fillets to as low a temperature as possible without 
freezing. 
2. Place the fillets in pal ythene bags, seal the bags, and place them 
in an expanded polystyrene box. 
3. Add ice sealed in polythene bags. 
4. Seal the box, place it in another larger polythene bag and seal. 
Most airlines set out precise packaging standards which must be met 
by seafood and fish exporters. Figure 54 gives examples of the pack-
aging recommendations for Singapore Airlines. The Orient Airlines 
Association (OAA) and the International Air Transport Association 
(lATA) are responsible for setting packaging standards for some 
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. For xarople, the OAA set minimum thickne ses for the 
:~irlill~~d polystyrene of boxes depending on the weight of fi h 
t.:tP~ 1 box has to carryi also, if p lystyTene boxe are used, th 
wnicb ~:must be packed in inn r containers ofpolyethylene film. 
cooteP Iystyrene box must itself be placed in a fibreboard box and 
'fhe1f~reboard must be impregnated with wax. rl'l-e l 
Polyethylene 
bag 
Lobster/ 
shellfish 
Box 
Water absorbent material 
Ice in polyethylene bag 
Insulating material 
Styrofoam box 
Figure 54. Sample of good packing. 
Source: Redrawn from Handbook on Packaging Standards for Wet Shipments by Singapore 
Airlines Cargo Services Section. 1990. 
For further information on packaging, it would be worth wile con-
tacting the OAA and the lATA at the following addresses, or 
individual airlines. 
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lATA 
200 Peel Street 
Montreal 
Quebec 
Canada 
H3A2R4 
LABELLING 
OAA 
PO Box 161 
151 Paseo de Roxas 
Makati 
Metro Manilla 
Philippines 
When labelling a product which is not destined for export, the pr 
ducer must comply with the regulations prevailing in the coU11 t~­
of origin. If tbe product is to be exported, the labelling must compl~ 
not only with basic export requirements, but also with the labelling 
laws of the im1 orting country. The labelling requirements of the 
importing country should be checked, and goods destined for that 
country should comply with thoseiegulationsi they may otherwise 
be refused entry. 
Labelling must also comply with the customer's specifications. 
Labelling of any product conveys information about that product 
to the customer or consumer. Information on labels may be impor-
tant to customs officials, traders, and consumers. The label can be 
divided into a principal display panel and a second panel which 
provides information about the ingredients. 
The following are examples of some aspects of advanced labelling 
regulations. 
USA 
In the USA, the Food and Drug Administration (FDA) is the body 
responsible for the proper labelling of foods. FDA regulations state 
that a food label should include the name of the product, the net 
contents or weight, the name and address of the manufacturer, 
packer or distributor, and a list of ingredients in descending order 
of weight. The manufacturer may also include nutritional informa-
tion with appropriate explanatory statements. 
European Union (EU} 
EU member states comply with the labelling laws of the Council 
Directive of 1978. The laws concern the location of mandatory 
information, visual clarity, language and honesty. There are also 
212 
Packaging Materials and Methods 
1 
ry requirements regarding the contents of the label. The 00~~u. 5_:0° of labelling, according to the EEC Directive is: fOltl.O 
de 1 words, particulars, trade marks, brand name, pictorial 
,,~y r or symbol relating to a foodstuff and placed on any 
llla.~:gingdocument, notice, label, ring or collar accompany-
pac 1. refen:ing to such a food tuff. '' i:og 0 
defi:oition o£ a pre-packaged foodstuff is: rbe 
, 1 g11y single item £m presentation to the ultimate consumer and 
0 mass caterers, consisting o£ a foodstuff and the packaging ~ 1to which it was put before being offered for sale, whether uch ~acl<aging enclose the foodstuff completely or only partially, 
but in any case in such a way that the contents cannot b altered 
without opening or changing the packaging." 
The following information must be included on the label of a food-
stuff produced and marketed in an EU member country. 
1. Name of product The name under which the product is sold 
must be that which is laid down by legislation relating to the 
foodstuff in question. If there is no name, that which is custo-
mary in the member state where the product is sold should be 
used. It should be accompanied by particulars of the physical con-
dition of the foodstuff, or of the specific treatment which it has 
undergone, e.g. powdered, freeze-dried or smoked, if to omit this 
would cause confusion in the mind of the consumer. Irradiated 
food must bear on the label an indication of the treatmenti in 
English, this would be achieved by displaying the word, or words 
'Irradiated' or 'Treated with ionizing radiation'. 
2. Ingredients list An ingredient is defined as any substance, 
including additives, used in the manufacture or preparation of 
a foodstuff and still present in the finished product, even in an 
altered form. Ingredients must be listed by the weight recorded 
at the time of their use in descending order. 
3. Net quantity This is expressed in the relevant units, e.g. 
grammes, kilogrammes, litres or centilitres. 
4. Minimum. durability date This is the date up to which the 
product retains its specific properties when properly stored. The 
date should be preceded by 'Best before . . . ' or 'Best before 
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end ... ' For highly peri hable products, e.g. chilled £r 
which, from a. microbiological point of view, ru:e likel;sh fish 
short period of time to con titute an immediate danger to h1hcl: ~ 
the dat~ of minimum durability should be replaced by th:~b, 
by. . . date. · S<: 
5. Name and address The name and address of the manufact 
or packer should be displayed. llt(!r 
6. Placeoforigin 
given. 
Particulars of the place of origin should als b 
0 ~ 
7. Instructions for use These should be displayed wh 
. er(! 
appropnate. 
Further details can be found in the amended Council Directive No 
79/ 112/EEC of 18 December 1978 which includes information a~ 
national laws, misleading statements and the positioning of infor. 
mation on the label. Further directives from the EU are produced 
from time to time and the latest should be consulted for up to date 
information. 
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16. LIVE CARRIAGE OF FISH 
Carrying live fish to a market where the consumer can buy tb 
must be one of th oldest methods o£ ensuring that consumers obt e~ 
fresh fish. It wa used extensively until ice became freely availa~~ 
in Europe and is still widely used particularly for handlingfre hvvat e 
fish and especially those cultivated in pond . The fish fanner het 
the ame advantage over the fishermen which the live tock fatl1l. as 
has over th hunter; in the short term, it is possible to choose vvheer 
to put the crop on the market. Since cropping can be controlled ~ 
is possible to sell the catch live and this i the freshwater Bsb 
farmer's normal practice. The fish can be sold with m jn jm al weigh, 
loss; no expensive equipment is needed and no preparation of th~ 
fish is required. Some people buy live fish in preference to dead ones 
particularly at festival times, and this can be an important elling 
point. Some cultured marine fish are also old alive; this is invariably 
to meet market demand in places where people will pay extremely 
high prices for the privilege of eating fresh marine fish. 
-
It used to be common practice in Europe to sell live fish such as cod, 
which had been caught by hand lining; even fish caught in hort 
hauls of the beam traw 1 were sometimes kept alive. The vessels in 
which the fish were carried were specially designed and had liv·e 
Figure 55. 
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, b ilt intO them (Figure 55). These were simply constructed 
,.,ell5 "J:IJng watertight bulkhead athwartships and boring holes at 
bY btll, ls in the bottom of th vessel. This was done to ensure an 
iJJ.rerva ge ofwatei between the live well and the sea. The exchange, 
etcballer was not very efficient and only limited numbers of fish 
IJO'~rbe 'carried in this way. The method allowed fish caught by 
coil d line to live for a period of days in live wells. 
hBil 
pJ-fYSICAL NEEDS OF FISH 
h. section is ba ed primarily on the needs of the true fish but most 1[. ~1 e information also applie to molluscs, crustaceans and other 0 
1atic animals. Fish have only two basic needs: they must feed in •Jql' 
' ·der to provide material for energy and for growthi and they must 
~~rry out the processes of respiration which provide them with 
energy. 
As £ish are normally only required to be kept alive for relative! y short 
periods, there i:s no need to consider feeding them during the time 
that they are being carried. It is possible to hold fish in tanks or pond 
and to feed them there, but when carrying fish, thequantityofwater 
is limited so the fish are always crowded. If fish are fed under such 
crowded conditions, the water will rapidly become polluted from 
waste food and faeces, both of which have high oxygen demands. 
1t is, in fact, usual to starve fish during transit. 
Respiration is a different matter. If fish are unable to respire they 
soon die. The main need is therefore to ensure that an adequate 
upply of oxygen is provided, and as most fish can obtain oxygen 
only by passing water over the gills, the oxygen must be in solution. 
There are som exceptions to this rule. Many of the catfish can travel 
in very little wateri they obtain the required oxygen through the 
damp surface of their gill or, in some ea es, through the bo y skin. 
This applies equally to other fish which. have accessory air breath-
ing organs, such as the climbing perch. For most fin fish however, 
the factor which limit the number of fish which can be carried in 
a given container for a given time i the oxygen content of the water. 
The oxygen content can be replenished by one of the several method 
Which will be discussed later but ther are still physical limits to 
the rate at which the oxygen can be replaced in the water . At the 
same time, it is necessary to remove both th carb n dioxide pro-
duced in respiration and the other waste products such as ammonia. 
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CARRIAGE OF SEA FISH 
When carrying fish in a live well vessel, it is usual to replace oxy 
depleted water by simply exchanging it with that outside the 1~th 
well. Most vessels which carry live wells for fin fish are very s.iJn 1"1! 
con tructed. None of them use a pump for exchange of waterPl>r 
pump could be rigged to chive from the main engine by means~/ 
belt; this would allow a quicker exchange than that obtained Usiu. a 
the holes chilled in the bottom of the vessel. ExchAnge of water .& 
more effective when the boat is moving forward. The fish oft:s 
appear healthy while the vessel is at sea but rapidly bec0 ll1
11 
moribund when it enters harbour, even in places where there is e 
good exchange of clean, well oxygenated water. If the vessel m us~ 
enter an area of unsafe water, the holes are usually stopped With 
wooden plugs before the fish can be sold. Water exchange while 
moving could probably be improved by using a ventur:i bailer oftbe 
type often used in racing sailing boats. 
CARRIAGE OF FRESHWATER FISH 
Farmed freshwater fish are usually taken to market either in tubs 
or similar containers, or in tankers. Whatever type of container is 
used, it is necessary to take a quantity of water to market as well 
as the fish, and it is therefore important to carry as many fish as the 
container will allow. 
The weight of fish carried depends on a number of interrelated 
factors which affect water quality. The oxygen dissolved in the water 
is used by the fish during respiration and there are also oxygen 
demands from excretory products and other biological waste. The 
oxygen must be replaced as it is used, and this may be achieved by 
the following: aeration using mechanical or electrical pumps; the 
venturi effect in a moving vehicle; use of compressed gas liberators. 
In the simplest system, for example, a small tank carried on a 
bicycle, the carrier may only be able to move a few fish at a time; 
he therefore keeps the fish alive by exchanging small quantities of 
water at intervals during his journey. 
The venturi effect is difficult to apply and is seldom used. Electrical 
pumps are easier to manage than mechanical pumps in small 
systems, but for a large system, a diesel or petrol driven pump is 
satisfactory. Care must be exercised when siting the intake to 
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that clean air, unpolluted by exhaust fumes, is drawn in. If 
eJlSfe~ air or oxygen can be obtained easily, it provides the simplest 
bott of 0xygenreplacement. The valve must be carefully regulated Jllea11~re that gas is supplied at an appropriate rate; oxygen is expen-
t? en:o_d should be supplied only at a rate at which it can be absorbed. 
S1V'e racticalpurposes, compressed air is used more frequently than 
pot p eJl because the action of the bubbles in circulating the water 
oti:S exposed to an air surface is atleast as important in providing 
rP gaseous exchange as the supply of bubbles. for 
rBE pRACTICALITIES OF CARRIAGE 
It is not usual to feed fish during carriage; in fact it is more common 
to ensure, if possible, that the gut is empty before sending fish to 
lllarket. There are two reasons for ~s. First, unfedfish are livelier 
cbanfish which have just been fed because they are not using energy 
in digestion and assimilation. Seconclly, and more important, if the 
fish defecate in the water, the high oxygen demand of the faeces 
reduces the quantity offish which can be carried. It is therefore usual 
for fish to be caught the day before marketing and starved. 
The tank or tanker should be filled with pond water and well aerated 
before the fish are transferred to it. This will ensure that there is 
no sudden change of pH and no sudden temperature shock; some 
fish are more sensitive than others to changes of pH and tempera-
ture. Conditions should be maintained as close to the optimum for 
a particular species as possible during carriage. 
Although water can hold more oxygen in solution at low tempera-
tures than at higher ones, fish require more oxygen for respiration 
at higher temperatures. Therefore a tank of a given volume can safely 
hold fewer fish at high temperatures than at low ones. In Europe, 
it is common practice to add some ice to the water in which the fish 
will be carried. Common carp raised in Europe can be kept alive at 
temperatures near to freezing and come to no harm. Whether carp 
accustomed to living in the tropics would tolerate such extreme 
conditions is not known. Tropical fish, such as Oreochromis sp., 
are likely to die if the water temperature falls below 15 °C; the exact 
temperature depends on the species, but it is good practice to operate 
at the cooler end of the temperature range. It is also good practice 
to insulate the tank or tanker so that temperatures do not fluctuate 
too widely during transit. 
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The weight offi h which can be carried in a given volume of 
depends on the species, as different species have different le~~ftl!t 
oxygen demand . Rainbow trout, for instance, need more diss~l 8 Of 
oxygen in the carriage water than common carp. It is possible to \led 
common carp at a ratio of three parts of water to one of fishc~ 
example, a 5000 litre tanker could carry 1 t ( 1000 kg) of carp in 36°r 
litres of water. For very hort journeys, it is pos ible to carry c 00 
at a ratio of two parts water to one part fish . As mentioned earl·a.rp 
the temperature should be kept as low as possible and this Ille~er, 
thafthere are advantage in travelling at night whenever thi is pr l.ls 
ticable. Carriag at such levels is po sible onlywithgood aerati~c­
this is best arranged through air stone of th type used in aquar~i 
or the larger one now manufactured for use in ponds. I£ no aerati~a 
can be provided, much smaller quantities of fish should be carriedn 
the exact quantity being determined by trial and error. The fisb 
should be starved before travelling, the temperature should be kept 
as low a is practicable, and if water exchange is carried out, the 
water should be of a similar pH and temperature as that which it 
replaces . 
EATIING QUALITY OF FISH SOLD LIVE 
It is sometimes suggested that fish sold live should be of better ea tin~ 
quality than those which have been killed some time before sale. 
Although this depends on the perception of quality it is a fact of 
elementary biochemistry that a well-fed and rested animal with q 
high glycogen content in the liver, which was killed without strug-
gling, provides the best eating quality. This is because the glycogen 
is broken down to sugar during the period following death. Little, 
if any, work seems to have been carried out ·on the biochemical 
changes which take place during live carriage. However, it might 
be expected that fish which have been starved have struggled, and 
have been kept alive in poorly oxygenated water would be of poorer 
eating quality than those which have been killed and promptly iced. 
MOLLUSCS 
Almost all the commoner molluscs such as cockles, clams, oysters 
and mussels, grow in thelittoralorinter-tidalzone. Therefore, they 
can all be carried dry. It is common practice in Europe to carry thern 
in sacks or barrels, but any similar container is suitable. It is 
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ble to wash off any mud before carrying them very far, and 
ptefera 1 to spray them occasionally with sea water to keep them jt lS Ll~;ae animal will normally keep their shells closed while 
cooj~lli~g and, even at tropical temperatures, can be kept alive for 
rril . cwo days. 
ot1e oJ 
r.nolluscs feed by filtering water to trap the plankton which 
(V1allY their principal food. While filtering the water, they also ingest 
for!Jl:acteriawhichhappen to be pres~n~. As ~any of them grow in 
'
101 wber sewage enters the water, 1t 1s poss1ble for the molluscs area~nrin large numbers of the bacteria responsible for diseases such 
tO ~;phoid, paratyphoid and cholera. Animals from clean water are 
85 
-fectly harmless . If there is any doubt at all about their purity, 
~e~ health laws in European countries require that molluscs should ~~cleansed by hol~ng them in clean water for a period bef~re sale. 
Wblle being held m tanks of clean water, they open, respne, and 
act mpt to feed. No food, or very little, is present in the water so 
the animal empties its gut not only of faeces but also of any bacteria 
which may have been present in the feeding grounds. 
This cleaning process is commonly called depuration. Depuration 
is only effective if the shellfish are 'pumping' normally, and this 
will only happen if the water temperature, salinity and turbidity are 
correct. Water can be recirculated or used, discharged and replaced 
with more. The water in which the shellfish are held should ini_tially 
be free from micro-organisms. In order to achieve this, water is 
treated with either ultraviolet light, ozone or chlorine. Retreatment 
of water will have to occur in a recirculating system. 
It is important that oysters in particular, which are commonly eaten 
alive, should be cleansed of any possible contamination before sale, 
but mussels should also be treated as they are often cooked only very 
lightly. Cleansing of cockles and clams may be desirable because 
they tend to contain large quantities of unpalatable mud or sand. 
CRUSTACEANS 
Most crustaceans are delicate and it is difficult to keep them alive 
in aquaria. It would therefore be almost impossible to market large 
quantities live, even in well oxygenated water. Although some 
species such as lobsters and rock lobsters, can be carried live, they 
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should be kept moist and cool. Sawdust soaked in sea w 
seaweed can be packed with the lobsters to provide moisture~~t ()t 
precautions which need to be taken include t~e following; tb~:t 
• they should be stressed as little as possible 
• they should be handled with great care to avoid crush· Ing 
• they should be packed so that they cannot move 
• they should be protected from rapid changes in temperat" 
ut e. 
The exact method of packing will vary with species. Rock lobst 
must be kept separate from one another or the spines of one ~t~ 
will penetrate and kill another. Figure 56 shows one example~ 
packaging recommended for air freighting lobsters and othe 
shellfish. r 
Lobster/ 
shellfish 
Insulating material 
Adhesive tape over 
5 cm in width "-, 
Styrofoam box 
Figure 56. Packaging of lobsters and other shellfish. 
Ice in polyethylene bags 
Source: Redrawn from Handbook on Packaging Standards for Wet Shipments by Singapore 
Airlines Cargo Services Section. 1990. 
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ter shrimp and some pink shrimp can keep for up to four 
oeeP;0 roperly stored on ice. Proper chilling means packing the 0s~S ~11 shallow boxes (20 cm deep) immediately aiter capture, 
sl:J1i!P:P g a layer of ice then followed by successive layer of shrimp 
i1PP1Y1: The boxes should not be over-filled as the shrimp would 
11.od lC shed when the boxes were stacked. 
be cru 
c!\RRIAGE OF EXOTIC AQUARIUM FISH BY AIR 
1 .5 represents a special case for live carriage. As air freight is so r ll ensive, it is particularly desirable to keep the weight as low as 
e";sible. The fish themselves are often small so they can be carried 
P~er long distance in crowded conditions, but larger fish up to 1 m 
fong can also be carried. 
Nowadays, the usual method of carriage is to place the fish in a 
plastic bag partially filled with water; this is carried in a cardboard 
box insulated, usually, with 2.5-5 .0 cm (1-2 in) of polystyrene 
foaJD. The fish are starved for 48 h before being freighted. They are 
then transferred to a bag of clean water . The bag is inflated by 
blowing oxygen into it. This keeps the level of dissolved oxygen in 
the water high hu:ing transportation. Travelling time should ideally 
be less than 24 h. However, when packing, delays should be anti-
cipated. Good water quality can be maintained by the addition of 
pH buffers and ammonia absorbers. Reference should be made to 
relevant import and export regulations and regulations of CITES 
(Convention on Trade in Endangered Species). The Ornamental Fish 
Industry (OFI) based in Rotterdam, in the Netherlands, provides a 
network for those involved in the ornamental fish trade . Amongst 
other things it informs members of up-to-date handling and 
packaging methods . 
It is important that the fish should be held in quarantine for one or 
two weeks before being shipped to ensure that they are disease free . 
It is now possible to carry marine fish, as well as freshwater fish, 
to those countries where fish fanciers will pay high prices for 
colourful exotic;: species. 
CARRIAGE OF LIVE BAIT 
Tuna pole fishing vessels require large quantities of live small fish . 
When a school of fish is sighted, they are brought alongside the 
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fishing vessel by throwing live bait to them; thi i called 1cb 
ming'. Anchovies are a popu~ar bait but al~h~ugh they are har~~1, 
than most of the other clupemds, they are difficult to carry. As tblet 
have a schooling habit, the tank must be large enough for thelXl ey 
form a school and swim around the tank in a circle. to 
The tanks themselves should be constructed of a mat rial wh· h 
cannot· dissolve to produce poi nous sub tance ; the in ter~c 
surface should preferably be painted white or fini hed in a li~ht 
coloured material. Aeration is usually effected by a mechanic~ 
pump and can be quite vigorous. In the simplest system, water ea 
enter a live well through holes in the bottom of the boat and pasll 
through a grating or fine meshed net which forms the after bulk~ 
head of the live well; the water is then pumped or baled over the side 
aft of the grating. 
FURTHER READING 
BERKA, R. (1986) The transport of live fish, a review. FAO EIFAC 
Technical Paper, No. 48. Rome: Food and Agriculture Organization 
of the United Nations. 
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iltilJ.g is a traditional method of processing fish in many countries 
Sf the world. It is often used in combination with drying and 
0 ldng. Drying the fish removes water and lowers the water ~?vitY (water available for the support of microbial growth which ~c :ses spoilage). Some water is removed from the fish during salting. 
rddiJlgsalt also reduces the water activity (Aw) and hence, micro-
b · a1 activity. If a fish is placed in a solution of salt (brine) stronger ~an that in the tissues, water will pass from the tissue into the brine 
until the strength of the two solutions is equal; this phenomenon 
is known as osmosis. As water passes into the brine, salt will pass 
into the tissues. A concentration of 6-10% alt in the tissues will 
prevent the action of mo~t spoila~e ba~t.er~a. A ~aturated alt 
solution has an Aw of 0. 7 5; fish flesh m eqmhbnum w1th a saturated 
salt solution will also have an Aw of 0.75. Figure 57 in the next 
chapter shows the growth ranges of micro-organisms with respect 
toAw. 
Salt is used mainly in conjunction with drying in traditional fish 
processing . When used as a preliminary to drying, it replaces some 
of the water present in the .flesh. If the fish are salted before drying, 
less water needs to be removed to pre erve them. A water content 
of 35-45% depending on the amount of salt present, will often 
prevent, or drastically reduce, the action of bacteria. 
The factors which affect the rate of uptake of salt and therefore the 
amount of water replaced, are as follows: 
(a) the higher the fat content, the slower the salt uptake; 
(b) the thicke·r the fish, the slower the diffusion of salt to the 
centre; 
(c) the fresher the fish, the slower the uptake of salt; and 
(d) the higher the temperature, the faster the uptake of salt (Table 
35). 
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Table 35 Percentage uptake of salt in lean fillets 2.5 cm thick 
Days in salt 
Temperature 
(OC) 1 2 3 
5 1.1% 4 .0% 14.1% 
27 4.8% 8.6% 15.2% 
During subsequent drying, the presence of salt has the following 
effects: 
(a) the higher the salt concentration, the greater the replacement 
of water and therefore, the less the remaining water to be 
removed during drying; 
(b) the higher the salt concentration, the less the water that needs 
to be removed to produce a satisfactorily preserved product· 
I 
(c} the higher the salt concentration, the slower the drying 
process; and 
(d) as salt tends to absorb moisture from the air, fish will not dry 
further and may even take up moisture at relative humidities 
greater than about 75% during the drying process or during 
the subsequent storage. 
If salt is used, the product will give a better yield and probably be 
of better quality (i.e., have a longer shelf-life) than non -salted fish. 
Salt also acts as a deterrent to the insect pests which can invade fish 
during drying and subsequent storage. 
Although these advantages might suggest that the use of salt is 
always advisable as a preliminary to drying, there are other factors 
which need to be considered. These include the economics of 
production. Salt needs to be available in sufficient quantities, and 
at a sufficiently low cost, for a fish processor to be able to recover 
the expense involved in salting through better yields and higher 
prices. Secondly1 there may be consumer resistance to alting. In 
many countries1 there is a marked preference amongst the fish-
eating population for non-salted fish. It has pmved extremely 
difficult to alter people's eating habits so that they will accept salted 
fish and for this reason, many programmes aimed at improving the 
quality of dried fish in less developed countries have failed. 
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fte!l the salt which is readily available in sufficient quantities at 
~eri~ht price is of very poor quality and unsuitable for use on fish. 
s.ALT: SOURCES, COMPOSITION AND PROPERTIES 
p re cornrnon salt is sodium chloride (NaCl), but almost all 
u JllJllercial salts contain varying levels of impurities which depend 
~~their source and method of production. 
CoJllrnercial salt can be classified into three main groups depend-
ing on the source and the method of manufacture. 
1. Solar salt This is derived from the evaporation of sea, or salt-
water lakes, by the action of sun and wind. Major centres of pro-
duction therefore tend to be found in tropical and sub-tropical 
countries. These salts are used most commonly for fish salting 
in less developed countries. However, they often contain high 
numbers of halophilic (salt tolerant) bacteria. 
2. Brine evaporated salts These are underground salt deposits 
which are brought to the surface in solution (brine) and 
evaporated, usually by heating. 
3. Rock salt This is a natural deposit of salt which is ground to 
varying degrees of fineness without any purification. 
The suitability of salt for any particular application depends on 
several factors, the most important of which are 
• the chemical composition 
• the microbiological purity 
• the physical properties 
Chemical composition 
Commercial salts vary widely in their composition. High quality 
salt may contain 99.9% NaCl, whereas low quality salt may only 
contain 80%. Apart from contaminants such as dust, sand and 
Water, the main chemical impurities of commercial salts are cal-
cium and magnesium chlorides and sulphates, sodium sulphate and 
carbonate, and traces of copper and iron. Solar salts tend to be less 
Pure than brine·-evaporated salts. 
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Calcium and magnesium chloride , even when pres ut in U1 
quantities, tend to slow down penetration of the salt into fi h fle ~1 
the presence of these impurities may also increase the rate .; 
spoilage. Magnesium chloride i hygro copic and tends to abso ~! 
water; this makes the fish more difficult to dry and keep dry. t 
Fish salted inpureNaClmay be soft and yellow. Calcium andmag 
nesium salts give a whiter colour but tend to impart a bitter taste 
Very often, the consumer demands a whitish colour in salted fisl 
products, so small quantities of calcium and magnesium com 
pounds are usually considered desirable. However, excessiv1 
quantities lead to a bitter flavour and the dried product tends to b( 
brittle; this can cause problems during packaging and distribution. 
Trace quantities of copper can turn the surface of salted fish brown. 
This does not reduce the eating quality but it does give the fish a 
spoiled or poor quality look. 
Ideally, salt used on fish should contain at least 95% NcCl, be free 
from halophilic bacteria, and be as dry as possible. However, if 
impure salt is all that is available, most of the calcium and mag-
nesium impurities can be washed away using clean water; calcium 
and magnesium salts dissolve quicker than NaCl and will be 
removed in the wash-water. 
Microbiological purity 
Many commercial salts, particularly solar salts, contain large 
numbers of salt-tolerant bacteria (halophiles); counts of up to 105 /g 
have been recorded. One group of halophiles, the red or pink bac-
teria, can be a problem in commercial fish curing operations as they 
cause a reddening of wet or partly dried salt fish. They do not grow 
if the fish are fully immersed in brine or fully dried. Halophilic 
moulds tend to occur more frequently in rock salt. 
If the necessary facilities are available, it may be feasible to sterilize 
salt known to contain halophilic bacteria by baking. Storing salt for 
long periods of time will also reduce the number of micro-organisms 
present. 
Although it is possible to sterilize salt or add preservative agents to 
control the growth of halophilic organisms, these processes are 
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too expensive for commercial use. Therefore, most salt used 
oftf~!lheries contains appreciable numbers of halophiles. 
ill lS 
lt sical properties P.: grain alt dis. olves. more !apidly ~n water an~ is ~referred for 
fl iki.J,lg brines. Iffmegram alt1s used drrectly on a fish, 1t may cause 
111 
apid removal of water from the surface. The surface then becomes 
~r rd and prevent the penetration of salt to the inside. This condi--~n i called 'salt bmn'. A mixture of large and small grain sizes 
~~recommended for dry salting. 
METHODS OF SALTING 
salt is applied by the folloyving basic methods. 
1. Brine salting in which the fish are immersed in a solution of salt 
in water . 
2. Dry salting in which granular salt is rubbed into the surface of 
the fish. 
3. Kench salting in which granular salt is rubbed into the surface 
of split fish, the fish are stacked with a sprinkling of saltbetwe.en 
each layer, and the liquid (pickle) which forms is allowed to drain 
away. 
4. Pickle salting in which the £ish are covered with salt and then 
packed in layers in water-tight container with salt sprinkled 
between each layer. The pickle which forms covers the fish; if 
the fish are not completely covered in 3-4 h, saturated brine is 
normally added to completely immer e them. A cover is placed 
on top of the fish to hold them below the surface of the pickle. 
In most brine salting techniques, a saturated brine solution is used. 
The presence of impurities may reduce the actual concentration of 
NaCl in solution and in practice, the brine strength usually ranges 
between 80 and 100%; this corresponds to 270-360 g of salt/litre 
of water. When fish are placed in saturated brine, the concentration 
of the brine begins to fall as soon as salt begins to penetrate the fish 
and water is removed. Unless plenty of brine is used and the fish 
are stirred frequently, the rate of salt penetration and water removal 
may be seriously reduced. 
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Good brining practice 
1. Test the brine strength regularly. 
2. Use only good quality salt. 
3. Make up new brines for each batch of fish. 
4. Remove the scum which forms on the brine surface. 
A hydrometer can be used to test the strength of the brine. Although 
various hydrometers are available commercially, a simple one can 
be made locally and calibrated against the made up brine strengths 
taken from Table 36. 
Table 36 Brine strengths as measured on various hydrometer scales 
16 °C (60 °F) at 
Salinometer Specific Baume Twaddell Percentage of Salt !f"' degrees gravity degrees degrees of salt by weight litre o Watct 
0 
lO 
20 
30 
40 
so 
ss 
60 
65 
70 
7S 
80 
8S 
90 
9S 
lOO 
1.000 0.0 0.0 o.ooo· 0.0 
1.019 2.7 3.8 2.640 27.0 
1.038 S.3 7.6 S.279 S5 .6 
l.OS8 7.9 11.6 7.919 85 .8 
1.078 10.S 1S .6 10.SS8 117.7 
1.098 12.9 19 .6 13.198 1Sl. 7 
1.108 14.1 21.6 14.S17 169.S 
1.118 1S.3 23 .6 1S .837 187.9 
1.128 16.5 2S .6 17.1S7 206.6 
1.139 17.7 27 .8 18.477 226.2 
1.149 18.8 29 .8 19.796 246.3 
1.160 20 .0 32.0 21.116 267 .1 
1.171 21.2 34.2 22.436 288.7 
1.182 22 .3 36.4 23.7SS 310.8 
1'.193 23.S 38.6 2S.07S 333.9 
1.204 24 .6 40 .8 26.39S 3S7.9 
Method for brining Lake Tanganyika sardine 
This method can be used to reduce spoilage by moulds and increase 
the storage life of unsalted dried fish. 
1. Immerse the fish in saturated brine ( 10 min for a 5 cm fish and 
20 min for a 7 cm fish). 
2 . Sun dry on elevated racks for 16-18 h. A light smoke may be 
- used at this stage, according to local preference. 
3. Pack the final product in plastic bags to prevent over drying in 
the dry season, and to protect against contamination and 
infestation. 
This product will have a shelf-life of up to six months. 
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. Jde curing 
fJC ·ingpickle curing, the fish are surrounded by granular salt which 
J?01t dissolves in the surface moisture of the fish. St:t.fficient salt is 
fitS Jl)ade available to go into solution and maintain the pickle at 
th~a.tion point as salt penetra'te the fish and water is removed. 
s:.t; water extracted from the fish also contains blood and other 
~oJllPounds which help to reduce the rate at which fat .is oxidized. 
wooden and plastic barrels are used for brine or pickle curing. The 
ontainer should be of a suitable size. and shape to allow the largest 
~sh nonnall y handled to be laid flat. Cement-lined vats or tanks can 
be used for larger quantities of fish, the vats should be able to hold 
one day's catch to an internal depth of 1 m. Wooden lids should be 
provided; they should be fitted inside the tanks and weighted down 
to hold the fish beneath the brine. Vats and tubs should be placed 
in the bade to keep the fish as cool as possible. 
The quantity of salt needed depends on the type of cure, the type 
of fish, and the method used. For a strongly cured product, approxi-
mately 3.0 kg of salt/lOO kg of fish is required. 
Dry and kench curing 
Dry or kenchsalting cannot be recommended for general use in the 
tropics as the fish are not covered by the brine or pickle and are 
therefore more susceptible to spuilage and insect attack. Exposure 
to the air, and the presence of salt, also accelerates fat oxidation; 
this leads to discoloration and rancidity. Fish should be immersed 
in a saturated brine or pickle a quickly as possible and kept cover.ed 
until salting is complete. 
The various chemical and physical effects of salting fish were dis-
cussed earlier. Several of these effects are apparently contradictory, 
and in commercial salted fish production, a compromise may have 
to be reached. The rate of salt penetration into the flesh increases 
as the temperature rises, but increasing the temperMure also 
increases the rate of spoilage. If fish are salted at a lower tempera-
ture, e.g. 5 °C, the rate of salt penetration is reduced but the rate 
of spoilage is reduced even more, so it may be possible to salt the 
fish to the centre before any serious spoilage occurs. Similarly, salt 
penetration is slower in fresh fish than in partly spoiled fish, but 
it is impossible to make a good salt fish pr.oduct from spoiled fish. 
If fish spoil in the centre before the salt can penetrate, it produces 
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in cod (Gadus sp .) a condition knoW11 as 'putty fish' in which th 
centre is very soft and the texture is destroyed. In many fisherie e 
large fish are plit before salting; this increases the surface area anci 
also reduces the depth of the flesh which the salt has to penetrate. 
Method for producing good quality dried salt fish 
1. Use only fresh fish for a good product. 
2. Bleed mackerel, tuna, etc. at sea; ice if possible, or salt at sea. 
3. Scale and split; behead before splitting unless the heads are 
required. 
4. Re'move all but the tail third of the back bone. 
5. Clean carefully; remove guts, liver and gill membranes. 
6. Score the flesh as far as the skin but not through it. 
7. Wash; soak in 10% brine for 30 min. 
8. Drain. 
9. Dry-salt in a shallow box using an appropriate amount of salt 
(more salt is required in thick parts of the fish than in the thin 
parts); fill all scores, rub well in; use one part of salt by weight 
to three parts of fish; use saturated brine with an excess of salt 
as an alternative to dry-salting. 
10. Place the fish in the salting vat skin side down, making even 
piles; place the top layer skin side up; if the brine does not cover 
within 3-4 h, top up with saturated brine; weight fish below 
the surface; cover the vat. 
11. Leave for about 12 h (fish size, market preferences, weather and 
working conditions all affect salting time). 
12. Wash in 10% brine or clean sea water; remove all salt crystals. 
13 . Drain and set to dry; if drying conditions are good, dry in the 
shade and not directly in the sun. 
14. Leave on the drying racks during the first night; thereafter, 
remo e the fish and pile them up tmder pressure each night until 
drying is complete; use greater pressure and longer press times 
towards the end of the drying period. 
15. Continue to alternate drying and pressing until no further 
weight is lost; store and bale. 
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iled dried anchovies ~·s process could be used, with suitable modifications1 for any ~schooling species. The fish must be absolutely fresh, and 
sill cessing should start in the boats. pro 
wash the fish and place them in shallow baskets or trays; bamboo 1
· is a sui table material . 
cook in boiling brine (10° salinometer) for 50-90s, rotating 2. 
the basket continually. 
Drain, and set to dry in trays. 3. 
4. continue drying until hard dried; if bad weather intervenes, store 
in chill rooms; if air drying cannot be used, smoking may be 
possible. 
Salted and pressed sardines 
This method has been introduced into Brazil as a way of preserv-
ing small pelagic species of fish. It results in a product which is stable 
at ambient tropical temperatures. 
1. Behead, gut and wash fresh oil sardines, or leave them whole 
according to local preference. 
2. Cure in saturated salt brine for six days. 
3. Remove from the brine and place in a drainable wooden box. 
4. Press the sardines using wooden planks for 15 h. 
5. Remove the sardine block and store in polythene at ambient 
temperature. 
The end product has a shelf-life of four weeks for high fat content 
fish and eight weeks for low fat fish. 
Storage 
Effective storage of salted/ dried fish prevents the products from 
taking up water and becoming susceptible to spoilage (Table 3 7 J. 
The store should be kept cool1 dry and well ventilated. The building 
should be protected against the entry of insects, birds and rodents . 
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Table 37 Rough guide to the good quality storage life of dried f 
with different water and salt contents 18h. 
Water content Salt content Minimum 'good quali~ 
(%) (% wetwt) storage life 
40 5 0.5 week 
40 10 1 week 
40 15 3 weeks 
40 20 1.5 months 
35 5 0.5 week 
35 10 2weeks 
35 15 2months 
35 20 1.5 months 
30 5 0.5 week 
30 10 1.5 months 
30 15 2months 
30 20 2months 
25 5 1 week 
25 10 2.5months 
25 15 2months 
25 20 2months 
20 5 3 weeks 
20 10 4months 
20 15 4months 
20 20 3 .5 months 
15 5 More than 1 year 
15 10 11 11 1 year 
15 15 /1 /1 1 year 
15 20 11 11 1 year 
Source: Poulter, N. ( 1980) The prevention oflosses in cured fish. FAO Technical Paper 
No. 219 . Rome: Food and Agriculture Organization of the United Nations. 
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Drying is the removal of water from fish. Normally, the te 
'drying' implies the removal of water by evaporation, but water :ll:l 
be removed by other methods. For example, the action of salt a an 
the application of pressure will also remove it. As water is essel'l.d 
tial for the activi.ty of .anli:ing organis~s, its.r~moval will slo~ 
down, or stop, mlcrobwlog1cal or autolytic act1v1ty, so drying ea 
therefore be used as a method of preservation. r 
The water activity (Aw) of a foodstuff is the water available to 
support the growth of micro-organisms. When fish are dried, water 
is removed and theAw is lowered. Figure 57 shows the relationship 
between micro-organisms and Aw. 
0.91 
Bacteria 
0.85 
Yeasts I 
Moulds 
0.80 
Halophilic 
bacteria 
0.75 
Xerophilic 
moulds 
0.65 
Osmophilic yeasts 
1.0 0.9 0.8 0.7 
Decreasing concentration of water-
Increasing concentration of dissolved material-
0.6 
Water activity 
(AW) 
0.5 
Figure 57. Growth ranges of micro-organisms with respect to water activity. 
Source: Redrawn from Figure 30 of Principles of Microbiology for Students of Food Technology 
by T. J. Parry and R. K. Pawsey. 2nd edn. Hutchinson, London. 1984. 
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uJltrieS where drying has evolved as a traditional method of 
ftJ eo '\ling fish, the action of the sun and the wind has been used 
pres;ct evaporative drying. More recently, controlled artificial 
tO e dration ha been developed in some industrial countries so that 
dell"Ycan be dried regardles of weather conditions. 
fisb . 
IlY drying proces , the removal of water requires an input of 
~~;ltlal nergy. If the outward movement of water occurs in the 
sequence 
J]ligration within the material to the surface, removal from the 
urface, mixture with the atmosphere surrounding the material, 
removal from the vicinity of the surface, 
it must be accompanied by the inward transfer of heat in the 
sequence 
emission from the heat source, transfer to the surface of the 
material, conduction within the material, provision of latent heat 
of evaporation, and partial enthalpy of dilution of the system 
which is regarded as a solution. 
The thermal energy required to drive off the water can be supplied 
by a variety of sources such as the sun, or the controlled burning 
of oil, ga or wood. Thermal energy can also be supplied directly to 
the fish tissue by microwave electromagnetic radiation or ultrasonic 
heating. 
At normal temperatures, fish muscle can be considered as a geli it 
remains a gel until an appreciable quantity of water has been 
removed. During drying, substantial shrinkage and other 
irreversible changes take place, so dried fish cannot be reconstituted. 
During air drying, moisture is removed from the surface of the fishi 
water then moves from the deeper layers to the surface. Drying takes 
place in two distinct phases. In the first phase when the surface of 
the fish is wet, the rate of drying depends on the condition (velocity, 
relative humidity, etc.) of the air surrounding the fish. If these con-
ditions remain constant, the rate of drying will remain constanti 
this phase is called the 'constant rate period'. Once all the surface 
moisture has been carried away, the second phase of drying begins i 
this depends on the rate at which moisture can be brought to the 
surface of the fish. As the concentration of moisture in the fish 
237 
Drying Fish 
falls, the rate of movement of moisture to the surface is reduced and 
the drying rate becomes slower; this phase is called the 'falling rat 
period'. e 
CONSTANT DRYING RATE 
The rate of drying during this period (Figure 58) depends on the speed 
at which moisture can be carried away from the surface of the fish. 
Several factors influence the rate of drying (Figure 59). 
dW 
dt 
A 
B c 
B-C = Constant rate 
C-E = Fall ing rate 
C-D = 1st falling rate phase 
D-E = 2nd falling rate phase 
E 
t = time, dW = difference in weight, dt = difference In time 
Figure 58. Drying rate curve. 
Source: Redrawn from FAO Fisheries Report, No. 279. Food and Agriculture Organization ofthe 
United NaLions, Rome. 1983. 
1. Relative humidity (RH) of the air If the air is fully saturated 
with water vapour (RH 100%), it cannot carry any more water 
so the fish will not dry at all. If the RH is less than 100%, the air 
can absorb water so drying will proceed. Therefore, the lower the 
RH the greater the ability to absorb water and the faster the rate 
of drying. 
2. Air velocity The greater the speed of the air over the fish, the 
faster the fish will dry. There are three layers of air, a stationary 
layer close to the fish, a slowly moving layer outside this, and 
an outer turbulent layer. The stationary layer of air next to the 
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Slow Fast 
Thickness ~ ~ 
Surface ~ area 
Temperature ~ 1 
Relative 
.ffrf;:J (> humidity 
~<"!;::!~ ~~~ 
8 IW\1\i. 8 -Air = .. speed ,_.,. 
Fat 
content Fat 10% Fat2% 
Water 
H2 025% H2 0 80% content 
Figure 59. Some factors affecting drying rate. 
fish is saturated with moisture which passes into the slowly 
moving layer. The higher the air speed in the outer layer, the 
thinner the slow moving layer will be; a thin layer allows a more 
rapid movement of water away from the fish. 
3. Air temperature The evaporation of water produces a cooling 
effect. At the beginning of drying, the temperature of the fish is 
reduced below ambient but after a short while, it reaches a steady 
value. At this steady value, the heat energy required for evapora-
tion is balanced by the heat supplied by the surrounding air. The 
degree of cooling is related to the wet bulb depression of a hygro-
meter and reflects the ability of the air to hold water. Warm air 
can provide more heat energy and, provided that the air speed 
and RH can allow a high rate of water movement, the rate of 
drying will be increased. 
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4. Surface area of the fish The larger the surface area, the fa . 
the rate of drying. If a fish is split, the surface area increa ter 
relative to its weight/thickness; the rate of drying will theref~es 
be faster. te 
FALLING RATE DRYING 
Once the free surface moisture ha been removed, the rate of dryin 
depends on the movement of m isture to the surface of the fish. T'h g 
following factors influence the rate of drying (Figure 59): e 
(a) the constituent nature of the fish as a high fat content retards 
the rate of drying; 
(b) the thickness of the fish, as the thicker it is the further the 
water in the middle layers has to travel to reach the surface. 
I 
(c) the temperature of the fish as diffusion of water from the 
deeper layers to the surface is greater at higher temperatures· 
I 
and 
(d) the water content, because as this falls, the rate of movement 
to the surface layers is reduced. 
Provided that the air passing over the fish is not fully saturated, the 
rate of drying is independent of the condition of the air. If the 
constant rate drying has been very rapid, the surface of the fish can 
become 1 case hardened' and prevent the movement of moisture from 
the deeper layers to the surface. This can result in a fish which is 
dry on the surface and looks fully dry but is wet and spoiled in the 
centre. It can be a particular problem with some designs of mechani-
cal and solar driers when the air temperature is raised above ambient. 
NATURAL DRYING 
In Iceland and Norway, a commodity known as stockfish has been 
produced for many centuries . Cod which have been head dare hung 
in the open air to dry. At the low ambient temperatures of thes 
countries, the fish are preserved; they gradually dry over a period 
of about six weeks to a m isture content of about 15%. This product 
has a shelf-life of several years if stored correctly. It is exported 
mainly to African countries and to the Mediterranean area. 
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ellergy of the sun and/ or the wind is used in many countries 
'fb.~y fish. To obtain the best possible rate of drying under natural 
tO ditiolls, the following factors should be considered. 
col1 
1 J Air m.ovem nt at ground level is usually very slow; iffish are 13 
raised above the ground by even 1 m, the air movement is 
greater. 
(b) Drying fish at grotw.d level does not allow air to pass under 
them; if they are raised above the ground on slatted or mesh 
racks, they will dry from both the upper and lower surfaces. 
(c) Fish placed on racks above the ground are less likely to be 
contaminated by dust or sand; those placed on mats on the 
groun~ are lik ly to be contaminated by the dust kicked up 
when people walk past. Raised racks also provide some 
protection from animal . 
(d) Fi h dried onracks can be more easily protected from rain by 
covering them with plastic sheets. Fish on the ground can be 
protectedfrom therain but notfrom the water on the ground. 
(e) Sloping racks allow any surplus water on the surface of the 
fish to drain away. Water trapped in the gill or body cavities 
can cause localized spoilage and/ or increase the drying time. 
The use of drying racks has many obvious advantages. However, 
they hould be located to take maximum advantage of climatic 
conditions. Low lying swamp areas with a high RH should be 
avoided and the rack should be sited away irom forests or high 
buildings which would reduce air movement or cast shadows. 
Salted fish will take up moisture from the surrounding air if the RH 
rises above 7 5%. It may therefore be necessary to remove the fish 
from the racks at night, or during rain, when the humidity tends 
to rise. If the fish are piled up overnight and covered with plastic, 
the absorption of water will be minimized and they can be put out 
for further drying the next day. If the fish are pTess-piled at night 
by placing weights on top of stacks of fish, movement of water to 
the surface will be encouraged and the subsequent drying rate will 
be increased. 
Although they lay eggs on fresh fish and during the early stages of 
drying, blowflies become progressively less attracted to the fish 
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as they dry. If the.fish can be dried sufficiently quickly, Le., be 
the eggs hatch into larvae, blowflies are not normally a PTObl fore 
Once the fish have dried enough to halt blowfly problems ~11:1. . 
become susceptible to beetle infestation. ' t 1ey 
Brining or salting before drying will often deter blowfly attack_ 
is also possible to reduce blowfly infestation by spraying a cont ·lt 
insecticide below the drying racks. It i important, however, tl~ct 
the insecticide should not contaminate the fish, and that it is at 
acknowledged sale chemical for use near food . Insecticides shou~ 
be applied by properly instrueted, trained people and used nly 'f 
other preventative means, such as the use of salt, improved dryi~ 
techniques and better storage facilities, have been shown to fail~ 
A safe and effective insecticide which can be used to control blowfly 
and beetle infestation in fish is pirimiphos-methyl. In 1986 it was 
given FAO/WHO approval for use on fish . The Joint Meeting on 
Pesticide Residues (JMPR) Committee of the FAO/WHO recorn. 
mend a maximum residue limit of 10 mg/kg for pirimiphos-methyl. 
Figure 60 illustrates a rack with a sloping top. Its construction is 
similar to that of the flat-top rack. However, a taller pole is used in 
the centre, or on one side, to form a rack with a double or single slope. 
By altering the height of the taller pole, the angle of the rack can 
be changed. 
r 
~ 
0 
"' 
.8 
0 
0 
I 
Single slope 
t 
60 cm 1 I I ! u,+-Underground 
Figure 60. Fish drying rack. 
Double slope 
Source: Redrawn from Fish Drying Racks. Technical Leaflet, No.l. Natural Resources Institute, 
Chatham, UK. 1990. 
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. g rack with a sloping top is suitable for split fish because it 
A d!Y111 anY water which collects in the gut or gill cavities to drain 
~lows The fish can be hooked on to the supporting material by their 
3':'3 Y · vers, tO prevent them from sliding down. Plastic sheeting can 
gill eo d to cover the racks of fish if it rains and so reduce moisture 
be u;e. The racks shown in Figures 60 and 61 are permanent struc-
llpta but many fishing communities are constantly moving in 
tL]J'e~h of fish. Figure 61 shows a drying rack made of bamboo or 
searches which can be quickly built and taken apart. 
wul 
Figure 61. Simple fi b drying rack. 
Source: Redrawn from Fish Drying Racks. Technical Leaflet, No. 1. Natural Resources Institute, 
Ch:ttham, UI<. 1990. 
MECHANICAL DRIERS 
Various mechanical driers have been developed which allow drying 
regardless of weather conditions and produce a more uniform 
product. Although it costs more to buy the drier and the fuel to run 
it than it does to build a set of drying racks for natural drying, labour 
costs can be reduced. 
Mechanical driers have been used experimentally and commercially 
in a number of fisheries. They are often custom made, using locally 
available material, to suit local conditions. A few commercial firms 
produce driers in prefabricated units. 
In most driers, a horizontal flow of air passes across the product 
which is placed on open-work trays on a trolley. The trolley is either 
pushed through a drying tunnel or into a drying chamber. The air 
passing over the fish can be heated ~y steam, electricity, gas or oil. 
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FREEZE DRYING 
Evaporation of moisture from a fish placed in a vacuum qUickly 
thefish because of the transfer of heat energy. The fish freezes ~00ls 
about 15% of the water has evaporated. If the fish is allowed to I: bell 
during chying, it will not shrinl<. and will dry with an open p~eeze 
suucture.lt willrapidly reconstitute and look very imilar to a f~O'Us 
fish, but the water will not be as tightly bound as in a fresh fishesh 
heat is applied in a vacuum drier so that the fish is not allowect· lf 
freeze, shrinkage similar to that found in a normal air dried fish w~u 
occur. 
For rapid freeze drying, some heat must be supplied to the fish if 
evaporation is to proceed quickly. Moisture must also be removed 
fr m the vacuum chamber, or it will become saturated and prevent 
further drying. 
Freeze drying requires a high energy input and is only feasible for 
very high value products . Freeze dried products have the advantage 
that they can be stored under ambient conditions, as long as the 
packaging is impervious to water. 
SOLAR DRYING 
Considerable interest has been shown in the development of solar 
powered driers in which the energy of the sun is collected and con-
centrated to produce elevated temperatures for an increased drying 
rate. If the temperature of the air is raised, the amount of water 
which it can hold will increase, the RH will be reduced, and the air 
will be able to absorb additional water vapour. In the humid tropics, 
the RH is often too high for rapid natural drying. 
There are two basic methods for collecting and concentrating the 
sun's energy. 
1. Parabolic reflectors Sunlight falling on a mirror is focused on 
to a point at which the temperature becomes much higher. 
Reflectors have not been used for fish drying because normally 
only a slight increase in the temperature of large volumes of air 
is required . 
2. Absorption units and solar collectors A black surface absorbs 
heat energy from the sun far more effectively than a light 
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ed surface. If an in ulated box painted black on the inside colo~t7ered with clear gla s or pla tic is placed in the sun, the 
a ad c erature of the enclosed air i increa ed con iderably. If the 
teOlhas openings at the tOp and bottom, the air will rise and create 
bfrow as ir i warmed. Fish placed in the bo.· will th refer be 
8 osed to a flow of air which is warmel' and of a 1 wer RH than 
eXP . . (F. 62) tbe an.1b1ent an 1gur . 
Atr \l'e t\tS 
Dtrnenstons !n metres not to scale All fram ework constructed from bamboo 
Figure 62. Solar tent drier. 
Source: Redrawn from a drawing on page 71 of FAO Fisheries Report, No. 279, suppl. Food and 
Agriculture Organization of the United Nations, Rome. 1983. 
The black heat collection units can be connected to a drying 
chamber to supply a flow of warm air. It is therefore unnecessary 
to expose the fish to the direct rays of the sun which could cause 
problems with case hardening and cooking if the temperature was 
not adequately controlled (Figure 63). 
Solar driers have the following advantages: 
• no energy costs 
• production of a low moisture product with a long storage life 
• shorter drying times 
• high temperatures which can retard insect activity 
• reduction of animal and dust contamination 
• they enable processing of fish which could not be processed 
under ambient conditions 
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Chimney (black PVC sheet) 
Rack (black plastic mesh) 
Airflow 
-------2.00--------1 
Figure 63. Solar drier with separate collector and drying chamber. 
All dimensions in metres 
not to scale 
Source: Redrawn from a drawing on page 71 of FAO Fisheries Report, No. 2.79, suppl. Food and 
Agriculture Organization of the United Nations, Rome. 1983. 
However, they also have the following disadvantages: 
• high investment cost 
• limited durability 
• case hardening caused by improper use. 
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GFoWASTE DRIERS 
A rtain times of the year, it may be uneconomical and imprac-
~c cl to dry fish by traditional methods which rely on the sun and 
tlcl! revailing weather conditions . Agrowaste driers have been 
tlJ.C ;ed to dry fi b by burning the by-products of some agricultural 
de1.~cesses, i .e., rice hulls and coconut husks . p 
direct driers 
;be fuel is burnt in a funu1.ce and the heat thus generated is passed 
.0 a heat exchanger to the air in the drying chamber. This heated ~- then passe over the fish in the chamber. 
pirect driers 
A srookeless fuel uch as charcoal is burnt directly under the drying 
cbal.llber. No heat exchanger is used. The main difference between 
direct driers and improved smoking kilns is the use of smokeless 
fuel in th drier combined with low drying temperatures. 
Work has been conducted in the Phi-
lippines to test and develop different 
designs of driers. The Low Cost 
Drier (Figure 64) is an indirect 
vertical convection drier fuelled by 
coconut husks and firewood. It was 
designed to assist traditional drying 
rather than to produce a dried 
product from wet fish. 
The Tray Drier (Figure 65) is a direct 
drier which is fuelled by charcoal. 
Fish are sun-dried on trays but when 
the drying conditions deteriorate, 
C b t . the trays are stacked on top of one om us 10n 
Figure 64. Low-cost fish drier. 
Source: Redrawn from Figure 15 on page 80 
of Fish Processing. Food Cycle 
Technology Source Book, No. 4. 
UNIFEM. 1988. 
another over burning charcoal in the 
heating chamber so that drying can 
continue. 
The Vortex Drier (Figure 66) is 
another design of direct drier in 
which a vortex wind machine is 
used on the drying chamber outlet to 
increase the flow of air through the 
drier. 
247 
Drying Fish 
l-.25m~ 
Figure 65 . Tray drier. 
Source: Redrawn from Figure 4 on page 112. of 
Cured Fish Production in the Tropics 
edited by A. Reilly and L. E. Barile. 
College of Fisheries, University of the 
Philippines in the Vi aya and 
Delllsche Gcscllschaft fur Tcclmische 
Zusammenarbeit (GTZ) GmbH. 1986. 
Figure 66. Vortex fish drier. 
Source: Redrawn from Figure 14 on page 79 of 
Fish Processing. Food Cycle 
Technology Source Book, No . 4. 
UNIFEM. 1988. 
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19. THE CoNTROL oF QuALITY IN DRIED F1sli 
Dried and drying fish are susceptible to many types of spoilage Which 
can lead to heavy losses and products heduced quality. Los es at 
eau ed mainly by moulds, bacteria, in ects, rancidity and change e 
in texture (Table 38). Mo t of th~se can be controlled by g00~ 
production and storage practices, but they tend to be accelerated 
in climates with high humidity. One of the main aims of g00d 
storage is to prevent fish which has already been dried frolll 
reabsorbing moisture from the atmosphere. 
Fragmentation can be a major cause of loss for hot-smoked dried fish 
but is more commonly associated with insect and microbial attack: 
Birds, rodents, etc. can also cause appreciable losses under all 
climatic conditions. 
MOULDS 
Moulds or fungi grow on salted or unsalted dried fish whenever there 
is enough moisture. Few moulds will grow at RHs of 65% or below, 
but most will flourish at RHs above 7 5%. Moulds are also tempera-
ture sensitive with an optimum temperature for growth of 
30-35 °C. Even in heavily salted fish, the group of moulds known 
as 'dun' will appear if the surface of the fish becomes damp. These 
moulds form black, grey or brown spots or patchesi they often give 
the fish the appearance of having been sprinkled with ground black 
pepper. These pepper spots of mould colonies do not damage the fish 
but the discoloration is unsightly and marketability is reduced. 
Although there is a potential danger from mycotoxins produced by 
certain groups of fungi, there are no reports of illness caused by 
consuming mouldy fish. 
The moulds flourish if the storage conditions are damp and the salt 
concentration on the surface of the fish is more than 5%. Mould 
activity may itself cause an increase in surface moisture and make 
the fish more susceptible to other forms of spoilage. 
When moulds occur they are relatively easy to remove if caught early 
enough. As they attack the surface of the fish first and do not 
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ediately penetrate the flesh, they can be physically removed 
jrllOl:ca.ping or brushing away. If infection is severe, dipping the fish 
~1 ~\% sorbic acid solution may give some protection, although 
ill ~ e 0 £ sorbic acid may not be permitted by some countries and 
rb thorities. Mould spores are found in the air and soil and can con-
;t~inate the fish during processing. There is evidence to suggest 
tb t contaminated salt may be a source of primary infection, par-
c. clarly solar (sea) salt; effective control may therefore be achieved 
ne · ·h f d 1· 1 · bY ensunng t e u e o goo qua 1ty sat, correct processmg pro-
cedure and well ventilated, dry storage conditions. 
Table 38 Principal loss causing agents under tropical conditions 
Degree of losses under different climatic conditions 
Loss causing agent 
Spoilag~ prior to 
processmg 
Blowfly 
Halophilic bacteria 
and moulds 
Beetle infestation 
BACTERIA 
Dry (but possibly with Humid Rainy 
overnight dewJ 
low low to moderate high 
low moderate to high high 
low to moderate moderate to high high 
moderate to high moderate low 
(relatively! 
At the low water activities (AW) of well produced dried fish, the vast 
majority of bacteria are inactive so bacterial spoilage is not normally 
a significant problem with regard to quality. This is particularly so 
for non-salted fish . However, one group of salt loving bacteria (halo-
philes J can be a problem in salted fish. They can only survive in salt 
concentrations of at least 8% and optimum growth occurs at 
18-25%. These bacteria are responsible for a condition in salted 
fish known as 'pinking' because they cause a characteristic pink 
colour . The infection frequently occurs while the fish are still wet 
after salting. If any pink coloration is noticeable at this stage, the 
fish should be scrubbed and washed in running water. If this is done, 
little damage will normally occur. As the bacteria are aerobic 
(require oxygen), it is possible to retard the onset of growth during 
salting by fully immersing the fish in salt solution (brine) rather than 
dry-salting which allows oxygen to get to the fish. If the infection 
is allowed to develop, more serious changes will result. The 
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bacteria will produce characteristic putrid odours and the fl 
eventually become soft and fall to pieces. The fish will usua~th 'Will 
been discarded before this tage is reached. More often the ev~ have 
of halophilic growth will be manifested as a pink colour spr~ et~~:e 
across the fish. It should be noted that although pinl<ing is uns _ad1l1 • 
and the fish may be putrid, it is not necessarily a poison.ous cl&htl~ 
tion and will not cause illness. 011d1-
A with the dun moulds/ the most likely source of pinkhalophu· 
bacteria i the curing salt. A a general rule, salt extracted frolll the 
ground (rock salt) is free from bacteria whereas solar (sea) salto.ft e 
contains very high concentrations. Storage of solar salt forproloug~~ 
periods can reduce bacterial nwnbers and offer some degree or 
control in situations where better quality salt is unavailable. Heat 
treating the salt by baking can also reduce the number of bacteria 
Careful control of the processing operation is required to preven; 
contamination ofthefi h withhalophiles, evenifhalophile-freesalt 
is used. 
INSECT INFESTATION 
Fish are susceptible to insect attack during the drying process ana 
in storage although salted fish are less susceptible. Unless steps are 
taken to control the insects, considerable losses can occur. 
Insect attack during drying 
If the fish have a relatively high moisture content during the early 
stages of drying, they can be infested by flies (Diptera). The adult 
blowflies are attracted to strongly smelling, decaying animal matter; 
they are therefore often found in large numbers at unhygienic fish 
processing sites, on stale or discarded fish, on rubbish dumps, and 
around latrines. The adults are strong fliers and can travel several 
kilometres. When they land on a sui table food source, they feed on 
the surface juices or fluid . As they can move from site to site rela-
tively easily, they can spread disease-causing micro-organisms and 
potentially harmful bacteria. Adult female flies lay their eggs in 
batches on moist fish, particularly in crevices such as the mouth, 
gill covers, belly cavity, etc. Eggs can hatch within24hofbeinglaid 
and when the larvae hatch, they move about freely and feed on the 
protein-rich flesh causing considerable damage. They can consume 
large quantities, often leaving only skin, bones and scales. When the 
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upate, they gen erally leave the fish and become dormant 
i91118e parth, below drying racks for instance. The emerging adults 
jO tbebeell infest m ore fresh fish. The species most commonly 
c::Jll t ntered as pest of drying fish are known as the blowflies and 
eoc1o~e Chrysomya spp ., Lucilia spp., Sarcophaga spp. and ·oc u 
woblfartia spp. 
dult flies are a ttracted to w et fish and larvae feed on it, the faster 
~ 8 fish can be dried the better. Small fish may dry too quickly for 
c ~tinued larval development; in these circumstances, the larvae 
c~rish in t h e fish before too much damage has been done, or they 
P ay go in search of other, w etter food. In general, therefore, large 
fsh tend to h ave a h igher incidence of fly damage than small fish, ~cl if the infes tation is well established, it may persist until the fish 
1 reaching its final moisture content, even as low as 20%. 
Flies and their larvae generally prefer non-salted fish and are unable 
to tolerate even relatively low levels of salt. Work in Malawi has 
shown that even 8% sal t on a dry w eight basis is enough to reduce 
blowfly infestation to n egligible levels. On the other hand, there 
are reports from Indonesia of fly larvae surviving and living in tubs 
of nearly saturated salting brine. This suggests that although flies 
are deterred from laying eggs on salted fish, if no other foods are 
available they can become salt tolerant. 
It is often very difficult to control absolute fly numbers in and around 
drying yards because of their closed and rapid life cycle under ideal 
conditions. However, infestation can be considerably reduced by 
eliminating areas where larvae can pupate and adults can lay eggs, 
regularly cleaning the places where dried fish are produced, and 
using salt in the drying process. 
If flies are still a problem after all possible control measures have 
been taken, it may be appropriate to use chemicals . It is important 
that only safe and approved insecticides which will cause no harm 
to eventual consumers are used for this purpose. Careful monitor-
ing and control of the types of chemicals, the means of application, 
and the final concentrations, are essential to ensure the production 
of safe foods. Work using some of the approved chemicals in various 
countries and situations has shown that it is possible to control fly 
infestation by chemical means. However, it is impossible to make 
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general recommendations for application regimes because cond· 
tions and ituation vary; experiments specific to each individ 1' 
situation are required to ensure safe working practices in all arellal 
as. 
The Natural Re ourcesin titute (NRI) conducted trial n vario1. 
in ecticides over a number of year in Indonesia, Kenya, Malaw~s 
Gambia and the UK in order to evaluate their effectiveness again;' 
blowflie on drying fish. The most suitabl compoun currenn; 
available at a reasonable cost appears to be the organophosphate 
pirimiphos-methyl. This compound has approval from the Join~ 
Meetillg on Pesticide Residues (JMPR) Committee of the FAO; 
WHO who have e tabli hed a maximum residue limit on dried fish 
of 10 mg/kg. Tetrachlorvinphos has been shown to be equally effec. 
tive in reducing blowfly infestation, but maximum residue limits 
for this compound have yet to be set by the JMPR. 
Approved insecticides are being introduced partly to overcom the 
indi criminate use of potentially hazardous chemicals which were 
not designed for use on food. Insecticides such a lindane, DDT, 
phosalone and dichlorvos are still being used in fish drying areas 
because no safer alternatives are available. Pirimipho -methyl can 
provide safe, effective and economical control of both flies and the 
beetles which infest dried fish, and there is no doubt that its use will 
spread. It is essential, however, that if this insecticide is to be used 
on .fish, on packaging materials, or in the fish drying industry, it 
must be recommended as part of an integrated programme of exten-
sion, training and control to ensure that it is not abused and public 
health is not endangered. 
In addition to these specially formulated insecticides, there are 
several traditional/natural insecticides which are used in various 
parts of the world to control insects during drying. Lime juice and 
ground chillies, for example, are used to control blowflies during 
stm drying in The Gambia, and the use of pepper has been reported 
from India, Mali and Nigeriai and is sometimes used in Malawi to 
deter blowflies from infesting fresh fish. In Mali, traditional treat-
ments mclude the ground dried leaves of a savanna slnub called 
Boscia senegalensis which is also used in medicine. 
Fly infestation can also be deterred by the high temperatures used 
in solar driers and by using smoke rather than natural heat for drying. 
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ce:roperatu re of 40 ° C will drive off most insects and 45 oc will 
;._u t:b JD . 
_1(1 
sect attack during storage of dried fish 
JJJ ect pests canals inflict h avy losses of dried fish during storage. 
~~e JllOSt connuon pests are dennestid beetles. 
puriog the drying process, the moisture content decreases progres-
·v-ely until the fish is too dry for blowfly infestation. At moisture 
5~:o tents below about 40%, other pe ts can become a problem during 
ctorage . Beetle infestation begins at moisture contents ofless than 
:o% i optimum level are about 15%. Most beetles associated with 
dried fish belong to the D ermestidae (Dermestes ater; D. frischii, 
D. ;rrwculatus and D . ca1·nivorus) and the Cleridae (Necrobia 
rafipe ). N . rufipes, however, is thought to be more important for 
i tS predation on other bee tles than for the actual damage it causes 
to the fish. 
v errnestes .spp. can cause very h eavy damage, particularly if the 
products are stored for long periods because then several generations 
can de elop. The larvae do most of the damage by consuming dried 
flesh until often, only bones remain. The females of all types of 
dermestids lay their eggs in, or on, the fish. The eggs hatch into 
larvae one to three days later; these are characteristically reddish-
brown, covered in hairs, and 1.5 mm long. The larvae feed on the 
fish for up to three weeks; they are then about 15 mm long. When 
mature, the larvae burrow into solid material and pupate. 
Infestation by beetles is a real problem in India, especially during 
storage of large quantities of dried fish in go-downs, and in stores 
where fish are awaiting export. Storage up to a year is common, and 
cross infestation between batches of fish frequently occurs . Regular 
cleaning of storage areas to eliminate residual populations of pests 
is needed, combined with the fumigation of individual lots of fish 
as they enter the stores. At presen t, fumigation of fish is banned by 
the Indian authorities but experimen tal work by NRI h as demon-
strated that effective control can be achieved with fumigants such 
as phosphine. If legislation is relaxed so that fumigant insecticides 
can be used, a programme of training and extension will be rquired 
to ensure safety. 
The presence of salt in fish can also reduce the damage caused by 
Dermestes. Although salt does not normally kill the adults or larvae, 
their activity decreases with increasing salt concentration. 
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Rancidity 
The development of rancidity i caused by the oxidation of fis 
lipids . Dried oil fish such as mackerel 1 sardines and herrings, <U: h 
particularly prone. Rancid fish have characteristic flavours an~ 
odour which may be unplea ant and lead to consumer rejection 
Th consumer may exp et some degree of rancidity in dried fish · 
but the nutritional value may al o be reduced becau e oxidized oil~ 
have a lower nutritional value than non-oxidized oils. There is 
evidence to suggest that rancid oils can be toxic. Fat become rancid 
slowly and the process continues during storage. Certain chemical 
impurities in salt are thought to accelerate rancidity . It is al 0 
accelerated by expo ure to air1 so packaging is needed to overcome 
this problem where necessary. 
FRAGMENTATION 
Drying causes denaturation of proteins and hardening of the flesh 
so the fish may be broken during subsequent handling. This pro-
cess is often referred to as fragmentation. Although not strictly 
spoilage, the amount of fragmentation depends on the processing 
method and the quality of the fresh fish used. Cured fish, especially 
if hot-smoked or hollowed out by insect attack can be very brittle 
and liable to fragment during transport. The fish can break up into 
small pieces1 or even a powder, and be lost if the packaging is 
inadequate. Fragmentation can be reduced by using fresh rather than 
spoilt fish, partial drying before hot-smoking, and incorporating salt 
during processing. Adequate protective packaging is also necessary 
to minimize physical damage during distribution. 
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20. SMOKING FISH 
Fish smoking probably developed from the natmal proce s of storiu, 
food tuffs practised by early man. Smoke from fire flavoured an~ 
dried fish hung in the rafters for storage. When the improvemen. 
in flavour and the increase in the time for which the fish could b~ 
kept werenoted, smoking began to be used as a method o£preserva. 
tion. In the UK and other European countries, products originally 
developed in the Middle Ages were heavily salted and smoked for 
some weeks. These products owed their long storage life at normal 
temperatures to a high salt concentration and the very long moking 
and drying times which lowered their water contents . Modern 
transport and distribution facilities in industrially developed coun-
tries have greatly reduced the need for long-term storage of smoked 
and dried fish; most products are now available to the consumer 
within a few days of processing. Smoke curing as a method offood 
preservation has also become less important in many countries 
because of rapid advances in freezing and cold storage techniques. 
Most smoked product in countrie with a developed 'cold' chain 
are now only lightly cured in order to give them a mild smokey 
flavour. When stored at normal temperature they will not remain 
in a wholesome condition for much longer than fresh fish products 
so they should be refrigerated during storage. 
In most tropical developing fisheries, however 1 smoking is used not 
only to impart de irable flavours but al o, and more importantly, 
to accelerate the drying process. Smoked products in tropical 
countries have storage properties which enable them to be marketed 
without the use of sophisticated refrigeration systems. Smoking is 
often combined with a period of sun drying and/or preliminary 
brining. The temperature of smoking varies from place to place 
depending on consumer preference and the type of smoking kiln or 
oven available for use. Most products1 however1 are hot-smoked, 
i.e., the smoking temperature cooks the product. 
HOW SMOKING PRESERVES 
Smoking is a method of preserving fish which combines the follow-
ing three effects. 
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cooking If the fish are smoked at a high temperature, as inhot-
1· 111oking, the flesh will be cooked; this will destroy the enzymes 
:nd kill bacteria. 
prying The fire which produces the smoke also generates heat 
2
· and this will not only cook but dry the fish as well. 
preservative value of the smoke The smoke produced from 
3
· burning wood contains a large number of compounds, some of 
which, e.g. phenols, will kill bacteria . 
'Tbe long storage life of some smoked fish products is due more to 
drying and cooking than to the pre ervative value of the chemical 
co01pounds deposited on the fish from the smoke. 
The burning of wood or sawdust to produce smoke is extremely 
co:Dlplex because the smoke results from incomplete combustion 
which varies with the source of the fuel and the ventilation of the 
fire. A slow burning fire will produce much more smoke than an 
intense fir . Wood smoke is a mixture of gases, vapours and drop-
lets. Droplets form the visible part of the smoke although the 
invisible vapours contribute to the characteristic smell. It has been 
shown that fish take up mainly vapours during smoking; substances 
iD the vapours dissolve in the liquid on the surface of the fish. The 
rate of uptake depends on the moi ture on the surface of the fish and 
the rate of flow of the smoke. 
During processing of traditional hot-smoked fish products in 
developing countries, it is the heat of the fire rather than the smoke 
which is of most importance. 
Smoked fish can be divided into two general categories. 
1. Cold-smoked During the smoking process, the temperature 
never rises to a level where the flesh is cooked (i.e., the protein 
is denatured); this means a maximum temperature of approxi-
mately 30-40 °C, Cold-smoking is practised mainly in temper-
ate climates. Tropical fish species can be cold-smoked at higher 
temperatures than temperate species because their proteins are 
denatured at higher temperatures. 
2. Hot-smoked During the smoking process, the flesh is cooked. 
Traditional smoking in tropical countries usually falls within 
this category. 
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Almost all traditional smoked products are heavily smoked 
dried; the fish are often salted before smoking. and 
METHODS AND EQUIPMENT 
Traditional kilns 
The apparatus used for smoking fish in traditional tropical fisherie 
is often rudimentary. One of the simple t designs consi ts of a Pi~ 
dug in the ground; a fire is lit in the pit and the fish are laid on racks 
over the fire. 
Other traditional designs resemble tables with open-work tops on 
which the fish are laid. Ovens constructed from local materials such 
as mud, sticks and stones, or from relatively cheap, man-made 
materials such as old 2001 oil drums, scrap iron, etc., can be found 
in many different fisheries (Figures 67, 68 and 69). 
~) \-... ··1 Open 
~- . . ·i 
With thatched cover t:. ~...1 l.. . 
......__ .. 
r j§ 
Figure 67., Traditional Ghanaian cylindrical mud oven . 
Source: Redrawn from Figure 4 on page 73 of Fish Processing. Food Cycle· Technology Source 
Book, No. 4. UN1FEM. 1988. 
Some ovens and kilns are better than others, but the following 
disadvantages are common to most: 
• there is an inefficient use of fuel 
• it is difficult to control the fire and obtain a uniformly smoked 
product 
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Flattened oil ---r--
drum or mud 
Fire place opening ---
. re 68 Enclosed smoking platform or banda from Sierra Leone. fJgU • 
source: Redrawn from Figure Sa on page 74 of Fish Processing. Food Cycle Technology Source 
Book, No. 4. UNIFEM. 1988 . 
Figure 69. Open smoking platform or band a from Sierra Leone. 
Source: Redrawn from Figure Sb on page 74 of Fish Pmcessing. Food Cycle Technology Source 
Book, No. 4. UNIFEM. 1988. 
• they are affected by adverse weather conditions 
• they have a low capacity 
• the materials used in construction are often inflammable 
• constant attention is required to keep the fire burning, or to 
control the smoking process. 
However, as most of the construction materials are cheap or freely 
available, capital costs are minimal. 
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The depletion f natural fuel wood supplies is a common probl 
which affect many traditional £i h proces ors in developing c e11l. 
tri s. Forth fish smoker, deforestation often means an increa~l.l~­
fuel price and hence, operating eo t . c lll 
Work has been carried out on the use of alternative fuels for f h 
smoking. Rice husks, and wood waste from carpentry sho~ 
coconut, maize cobs and coffee are all potential substitute fuels, 
S. 
Another fuel aving idea is to smoke split fish rather than whole fish 
This increases the surface area through which water can be lo t fro~ 
the fish. The technique ha been tried with tilapia in Uganda and 
has resulted in wood avings of up to 12.5%. Larger fish are usually 
plit bef re smoking anyway. 
Many attempts have been made to improve smoking processes in 
tropical fisheries by adapting smoking techniques, and introduc-
ing new equipment or products, etc. These have met with varying 
degrees of success. 
The following factors should be considered when contemplating the 
introduction of an improved fish smoking method to a traditional 
processing sector: 
(a) the amount of fish to be smoked; 
(b) the local availability of materials and labour; 
(c) any changes in the final product and the response to these by 
the consumer. An improvement in quality of the final 
product, for example, may not necessarily mean that the 
consumer will pay a higher price. If the processor does not 
receive a worthwhile financial reward for his extra effort, he 
may lose the incentive to continue with that effort; and 
(d) the construction costs of the new design which should be 
related to what the processor can afford. 
The payback period on the investment cost for an improved kiln may 
provide some indication of the savings in production costs, e.g. if 
the new method saves on fuel, fuel costs will be lower. 
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rov-ed traditional type kilns 
f.fl11' raJ improved designs for kilns have been put forward to try to 
sevecome the disadvantages of traditional smokers . These include 
aver .A] wna ovens first developed in West Africa (Figure 70) , the mall 
tlleol<ets based on il drums which can b u ed on board boats for 
s!Jl-y small quantities of fi h, and the Chorkor oven, also developed 
~elwest Africa. The design for the first two type o£ ldln are des-
111·bed in the FAO Fisl1eries Report, No. 88 and the FAO Fisheries 
c!l 
Technical Paper, No. 104. 
cm 
90cm 
Figure 70. Altona type oven. 
Source: Redrawn from FAO Fisheries Report, No. 88. Food and Agriculture Organization ofthe 
United Nations, Rome. 1970. 
The Ivory Coast kiln 
The Ivory Coast kiln is a development of a traditional kiln and was 
first produced in West Africa. It is relatively simple to construct and 
uses a minimum of expensive materials. It can be made in a variety 
of sizes and is suitable for use at village level in many fisheries (Figure 
71). 
The kiln consists of a walled enclosure approximately 1 m high and 
1-2 .m 2 in plan section. It can be constructed from a variety of 
materials such as pole and mud, locally available stones cemented 
together with mud, or four corner posts with sheet or corrugated 
metal for the sides. The structure must be airtight and the top rim 
must be smooth and flat. 
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Up la 4 or 5 layers of racks of 50 x 45 mm. (2 x 1 ¥1 in.) 
timber with 32 mm, (1114 in,) hexagonal wire mesh botlom 
-~\ 
Smoke diffusion plate 
The fire box is set to one 8 . d 
the enclosure. It can be 1 e Of 
most easily from one or tw lllacle 
oil drums. For small kil: old 
abou t 1 m square two, 90 1 dru Of 
are ufficient, but for larger kil:s 
200 l drums are needed . 'l't' 
drums are laid on their sides le 
so 
that an open end protrudes a fe 
centimetres outside the square~ 
ground level. . The rest of the 
drum is inside the enclosure. The 
end of the drum inside the square 
remains closed, but a hole about 
0. 3 m square is cut in the upper-
sidesandends.. most surface of the drum Th' 
corrugated alummiUm ' lS 
lE~~~~l~~~~3J hole must be located centrally 
with the outer enclosure. 
Figure 71. Portable Ivory Coast kiln. 
Source: Redrawn from FAO Fisheries Repoit, 
No. 400, suppl. rooda.ndAgriculrure 
Organizationofthe United Nations, 
Rome. 1988. 
A square baffle sheet is suspended 
by wires from each of the four 
corners of the enclosure above 
the hole in the oil drum. This 
baffle consists of a sheet of iron, about twice the dimensions of the 
hole in the drum, with holes of about 1 cm diameter punched all 
over it . The height of the baffle above the opening must be adjusted 
in use until a good distribution of smoke and heat is obtained. 
The fish themselves are supported on racks above the enclosure. The 
racks are made from timber and chicken wire or expanded metal. 
The racks are exactly the same size as the square dimensions of the 
enclosure; they will rest on top of the walls of the enclosure and on 
top of one another . Four or five racks of fish can be smoked at once. 
During smoking, the upper rack is covered with sheet metal or damp 
sacking; metal sheet is preferable for protection against rain. 
The Chorkor oven 
Another improved design of smoking kiln is the Chorkor oven which 
also originated in West Africa (Ghana). Basically, the Chorkor is a 
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i ure 72. The Chorkor oven. 
; gurce: Redrawn from FAO Fisheries Report, No. 400, suppl. Food and Agriculture Organization 
0 
of the United Nations, Rome. 1988. 
rectangular, roofless oven which is divided into two halves to create 
rwo fireboxes (Figure 72). Each of the two cooking spaces has its own 
fire entrance. The fish are placed on wooden framed trays (Figure 
73); up to 15 trays can be stacked at once. The wooden frames rest 
on the oven walls which can be made of mud, stone or bricks. Up 
to 250 kg of fish can be processed at one time using the Chorkor. 
The benefits over traditional methods are 
• a working life of four to fifteen years depending on the con-
struction materials 
• the relatively low construction cost 
• an improved fuel efficiency 
• a more easily controlled fire 
• an improved quality of product 
• less heat and smoke effect for the operator 
• a lower laqour requirement 
• a versatility of design which allows different amounts of fish 
to be processed efficiently. 
The design of the Chorkor is similar to that of the Ivory Coast kiln 
but more importantly, it is similar to traditional ovens. It has 
therefore often been accepted by traditional processors as an 
improvement on their equipment. 
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This tray is for an oven of 231 x 114 cm (outside dimension) with a wall thickness of 14 cm 
Figute 73. Smoking tray with or without handles. 
Source: Redrawn from FAO Fisheries Report, No. 400, suppl. Food and Agriculture Organizatio 
of the United Nations, Rome. 1988. ll 
The N ygesi kiln 
NRI has been working in collaboration with the Tanzanian Fisher-
ies Research Institute (TAFIRI) to develop a fuel efficient kiln for 
smoking Nile perch from Lake Victoria. The design marks the first 
application of combustion technology in non-mechanical kilns 
(Figure 74). In essence, a fuel efficient furnace is attached to a drying 
chamber similar in size and construction to that of anAltona kiln. 
Results have shown that the kiln can be operated in all weathers, 
re.moves the risk of the fish catching fire, does not require constant 
attention, processes the fish more quickly, and uses up to 75% less 
0~~ 
() e:,c:~e 
Figure 74. General arrangement of Nygesi kiln. 
Source: Redrawn 'from Rogers, f. F., Tariq, A. S. andAmes, G. R. (1991) A fuel efficient kiln for 
Nile perch. Tropical Science, 31: 83-94. 
266 
Smoking Fish 
d Although the prototypes were built with some imported com-
wooer;ts which made them relatively expensive, the financial pay-
pool< period was short becau e of the large savings in fuel costs . 
b;'wever, the overall eo t wa beyond the reach of many artisanal 
r~~cess rs. Further work is need d to ascertain whether the costs 
~an be reduc d. 
Colllparison of kilns 
Table 39 summarize the results of a. study on the efficiency of 
traditional and improved kiln · in West Africa which was undertaken 
011 behalf of FAO . 
Mechanical smokers 
The traditional and improved smokers described above have no 
moving parts and rely on natural convection for air circulation. By 
contrast, mechanical kilns have fans or blowers to move the air 
across the fish. These kilns are usually expensive both to buy and 
run but they do give more control over smoking than other kilns. 
Inmost designs, it is possible to regulate the temperature of smok-
ing accurately and to a lesser degree, the humidity of the air and the 
smoke density. With experienced opera tors, it is possible to produce 
a consistent product, time after time. For these reasons, mechanical 
kilns are used extensively in the processing industries of Europe, 
the UK and North America for products such as kippers, smoked 
salmon, smoked haddock and buckling. The use of mechanical kilns 
for the production of smoked, dried, traditional products in less 
developed countries is very limited. 
SMOKING PROCEDURES 
The following are examples of smoking methods . 
Tuna, baked and smoked 
1. Wash, eviscerate and cut into chunks. 
2. Hot-smoke overnight so that the flesh is cooked . 
3. Sun-dry until hard. 
This product can be kept for several months. 
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Table 39 Summary of the technical performance of different types of smoking ovens en s 
0 
Number Weight kg fuel/ 
.,. 
s· 
of trays of fish % Fuel kg fuel/ kg/ fuel kg smoked Initial Final Process Kiln 
()« 
~ 
Species or layers smoked Weight used kg fresh kg smoked fish moisture moisture time cost m ::r 
Oven type smoked of fish (kg) loss (kg) fish fish (adjusted) % % (h) IUS$) 
Traditional Tuna 2 61 22.8 25 .1 0.40 0.58 0.59 70.5 66.1 3.10 17 
round mud Sardinella 2 33 41.7 30.2 0.93 1.59 1.58 71.1 42.5 7.00 
Oil drum Tuna 2 71 26.1 20.9 0.29 0.40 0.28 70 .5 63 .7 3.00 100 
Sardinella 3 38 30.6 22.4 0.59 0.86 1.17 71.1 42.5 7.30 
Pit Tuna 1 3.4 20.4 4.7 1.38 1.73 1.96 70.5 65 .3 1.00 l 
Sardinella 2.7 40.7 7.4 2.74 4.60 4.7 71.1 43 .0 5.00 
Altona Tuna 7 182 24.0 40.1 0.22 0.29 0.28 70.5 65.3 4.30 306 
Sardinella 7 84 43.2 36.5 0.43 0.76 0.73 71.1 47 .2 7.00 
Ivory Coast Tuna 3 130 23.7 45.4 0.35 0.47 0.46 70.5 62.4 4.45 252 
Sardinella 3 76 45.8 35.9 0.47 0.90 0.81 71.1 50.0 7.00 
Chorkor Tuna 5 226 25.0 49.3 0.22 0.28 0.26 70.2 59 .6 4.15 94 
mud Sardinella 10 180 51.8 63.6 0.35 0.73 0.42 71.5 40.2 7.40 
Chorkor Tuna 5 230 20.2 56.5 0.25 0.31 0.35 70.5 59.4 3.40 147 
brick Sardinella 10 224 36.8 65.8 0:29 0.46 0.51 71.1 52.5 8.00 
From: Stroud, G. D. (1986) A technical and economic appraisal of artisanal smoking ovens in Ghana. FAO Field Document TCPIGHAI 4506 {T). 
Rome: Fisheries Department, Food and Agriculture Organization of the United Nations . 
Smoking Fish 
Obusbi, Maldive fi sh , mas min and ikan kayu ,, 0t st.l ~" f illet sroall tunas such as skipjack. 
~ : SiaJmer fillets in dilute brine for 5 min, or s t eam cook. 
Stllolce {cold-smoke or hot-smoke) for 8-12 h 
3-
4. sun-dry 
Mould growth may be deliberately encouraged by storing before 
drying for example. 
watanabe 's method of salting, smoking and drying 
ThiS method was developed for use in Zambia where drying condi-
tions are usually good. A satisfactory product can be made from fatty 
fish. 
1. Scale, gut and split the fish and clean very carefully. 
2. Brine small fish (up to 1 kg) for 30-40 min and large fish for 
4-6 h, in saturated brine. 
3. Wash. 
4. Sun-dry to 75% of the dressed weight and until the surface is dry 
and the fish reasonably firm. 
5. Smoke at 40-60 °C for 4-5 h . 
6. Sun-dry to 35- 46% of the dressed weight. 
Fish smoked by this method will keep for up to two months. 
Smoked tilapia 
1. Eviscerate, scale and wash the fish . 
2. Sun-dry the fish on smoking trays for 2 h. 
3. Arrange the trays on a Chorkor kiln and hot-smoke for 8 h. Rotate 
the order of the trays periodically to ensure that the product is 
evenly processed. 
4. Allow the fish to cool and then store in a well ventilated, vermin-
proof building. 
The final product has a moisture content of 20-25% and a storage 
life of four to seven days. 
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STORAGE OF SMOKED FISH 
The tore should be a clean, dry, w 11 ventilated room which b.a 
be n protected again t the enn-y of animals and in ects . The make. 
dried fish hould b placed on shelving which aLlows for a good 
circulation of air. 
Depending on the storage life required, it may be necessary to re. 
dry the fish at intervals during storage. This is particularly relevant 
during the rainy season, for example, when the RH is high. 
It is important to ensure that the skin is completely dry before the 
fish are placed m the store in order to reduce the risk of mould 
growth; fish which are not allowed to cool properly before being 
stored are more likely to be.attacked by moulds . 
PACKAGING 
As smoked dried fish are brittle, losses and breakages often occur 
when the products are packed and taken to market. Careful hand-
ling when packing can reduce losses. Large split fish are particularly 
susceptible to breakages. 
An improved packing container for the transportation of smoked 
fish consists of a wooden box with a wire mesh top and bottom. The 
air can circulate through the box and the fish are protected against 
breakages. A box of dimensions 90 x 60 x 45 cm is recommended 
by FAO. 
'FURTHER READING 
BOSTOCK, T. W., WALKER, D. J and WOOD, C. D. (1987) 
Reduction of Losses in Cured Fish in the Tropics . Guide for Exten-
sion Worker~. TDRIReport G204. Chatham, UK: Natural Resources 
Institute. 
BRONWELL, B. ( 1983) A Practical G'uide to Improved Fish Smok-
ing in West Africa. Washington, DC: United Nations Children's 
Fund. 
FAO (1970) Smoke curing of fish. FAO Fisheries Report, No. 88.. 
Rome: Food and Agriculture Organization of the United Nations. 
270 
Smoking Fish 
;,.O (197l)Equipmentandm thod forimproveclsmoke-dryingof 
r- bin the Tr pies . FAO Pi h exies Technical Pape1·, No. 104. Rome: 
;~ d and Agricultm Organization of the United Nation . 
pA-0 (1986) Fish Processing in Africa. Proceedings of the FAO Expert 
consultation on Fisl1 Technology in A/1.-ica, Lusalw, Zambia, 
faiJUOIY 19~5. Rome: Food and Agriculture Organization of the 
Onited Natwn . 
sTROUD, G. D. (1986) A technical and economic appraisal of 
artisanal smoking ovens in Ghana. FAO Field Document TCP I 
cHAI 4506 (T). Rome: Fisheries Department, Food and Agricultur 
organization of the United Nations. 
VNIFEM (1988) Fish Processing. Food Cycle Technology Source 
Book, No. 4. New York: United Nations Development Fund for 
Women. 
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21. FRYING FISH 
Frying is a m ethod u ed on a small cale in some areas of th e world 
for ext nding tb shelf-We of h sh fish by several day . The high 
temperature of the oil en ures that the fish flesh is cooked rapidl~ 
and that th e poilage bacteria are destroyed . T he cooking oil wui 
react with the fish proteins and any carbohydrat e to produce the 
characteristic smells and tastes of a fried food . 
Fish frying methods in East Africa 
Tilapia 
1. Eviscerate and scale the fish and score the flanks. Rub salt into 
the open flesh. 
2. Sun dry the fish for 2 h . 
3. Heat vegetable or Nile perch oil in a large saucepan. Deep fry the 
fish for 5-10 min according to size. 
4. Remove the fish and cool. 
If stored at ambient t emperature, this product will have a shelf-life 
of three to four days . It can be eaten as a snack food or included in 
a main meal. 
Nile perch and lungfish 
Other fish which can be processed by frying include Nile perch (Lates 
niloticus) and lungfish {Protopterus aethiopicus). Large Nile perch 
have a high fat content which makes them unsuitable for hot-
smoking. They are therefore cut into small pieces and fried, often 
in their own fat; they may also contain fat deposits in the body cavity 
which can be recovered by boiling in water and used as the frying 
medium. Chunks of lungfish are coated in cassava flour before 
frying; the cooked pieces are often packed and distributed in retail 
markets . 
FURTHER READING 
KREUZER, R. (1974) Fishery By Products. Rome: Food and Agricul-
ture Organization of the United Nations. 
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22. MARINADES 
]Vlatinades .are made by pre ervi~g fi h and shellfish in a mixture 
of acetic ac1d and salt. The resultmg product has an ext nded shel£-
Jiie and characteristic flavour. Pelagic fish such as herrings and 
sardine , which have a high flesh fat content normally provide the 
raw roaterialfor the preparation of marinated products. Good quality 
tuarinades can only be made from high quality raw material. 
The acetic acid produces the tenderness characteristic of marinades. 
This i largely due to the action of some of the proteolytic enzymes. 
These enzymes cause the partial breal< -down of the protein and the 
release of some free amino acids to give the product its character-
istic taste. The fat content ofthe flesh also contributes to the flavour. 
Some of the acetic acid combines chemically with the proteins; the 
rest controls the pH and selectively allow the autolytic reactions 
to take place. 
The salt (sodium chloride) is responsible for the removal of water 
and the coagulation of protein. It also allows hydrolysis to proceed 
within desired limits. 
Marinades may be conveniently divided into three groups. 
1. Cold marinades Raw fish, with or without the backbone, are 
preserved in a mixture of acetic acid and salt. At no stage during 
the process are the fish heated. 
2. Cookedmarinades Thefishareplac dinahotsolution (85 oq 
of acetic acid and alt . At approximately 85 oc, most of the 
bacteria are killed and the enzyme are inactivated (denatured). 
3. Fried marinades The fish are fried or baked before being packed 
in an acetic acid and salt solution. The frying kills most of the 
bacteria and denatures the enzymes. 
Examples of each type of marinade are given below. 
COLD MARINADES 
A pH of 4. 5 is considered to be the optimum for most cold marinade 
products. At pH 4.5 and approximately 10% salt, most bacterial 
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actioni hal ted. S m activity does occur, h owever, and thi c 
tributes to th e characteri. tic flavour of marinades . T h e opti.m~ll­
temperature for marinading is 10-12 °C; a t lower temperaturll)l 
the flavour changes too low ly and a t high er temperatUre , the fle:{ 
bee mes t o oft . Th e sh elf-life of cold marinad s stored a t 0- 8 o~ 
with alt content £ 2-4% and ac tic acid content of 1- 2 .5% i 
14 day . As autolytic and b acterial activity continue, the shel£-lif~ 
of c ld marinaded product is limited even under chill storage condi. 
tions. However, shelf-life can be extended by adding sugars to the 
marinade. This reduces the water activity of the product and inhibits 
the growth of bacteria, but eventually, other reactions will produce 
off flavours and make the product unacceptable. The shelf-life at 
chill temperatures may be several months but at tropical ambient 
temperatures, it may only be a few weeks. 
Preparation of cold marinades 
The following recipe is for marinading herring . 
1. Wash the fish in 10% brine to harden them and remove the slime. 
2. Head, gut or fillet as required. 
3. Wash in 5% brine to remove traces of blood from the muscle. 
4. Immerse in a solution containing 7% acetic acid and 14% salt 
for up to three w eeks . The strength of the solution depends on 
the ratio of fish to solution and the type of product required. If 
the fish are held at chill temperatures, the strength may be 
reducedi if they are held at high ambient temperatures, a stronger 
solution may be necessary to prevent spoilage. The process will 
proceed more rapidly at higher temperatures . If the acid and salt 
levels are too high, the characteristic flavours may not develop. 
The container should be full and have a tight fitting lid to prevent 
the fish from developing rancid flavours. 
5. When the marinading process is complete, the flesh should be 
firm, white, opaque and t ender; discard any discoloured pieces. 
Glass jars are often used to pack the final product. Pack the fish 
or fish pieces in the jars and cover with a solution of 1-2% 
acetic acid and 2-4% salt. Reduce the acid taste of the final 
product if necessary by substituting citric or tartaric acid for some 
or all of the acetic acidi the pH of the final solution should not 
be more than 4. 5 . Add spices such as coriander, cloves, peppers 
and bay leaves to the final pack to improve the flavour. 
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cool(ED MARINADES 
}ow pH is often required in cooked marina des to prevent the 
A wtb of harmful bacteria such as Clostridium botulinumi the 
h~~itiOll of citric acid reduces the pH to 3. The shelf-life of cooked 
~~inades can be up to six months . 
preparation of cooked marinades 
1_ Wash, cut and pre-salt the fish as for cold marinades. 
2. Bleach the fish or pieces of fish by spreading them on perforated 
trays and immersing them in a bleaching bath containing 
1-2% acetic acid at 85 oci some salt may also be added. 
Immersion for 10-15 min is usually adequate but a slightly 
longer time may be necessary for larger pieces. 
3. After bleaching, cool the product with cold clean water to remove 
fat and protein foam. 
4. Pack the product in glass, porcelain, or lacquered cans. Add spices 
to the final pack as required. Some European products are packed 
in a jelly. The jelly or final liquid should contain 1-2% acetic 
acid and 3% salt. 
FRIED MARINADES 
Most of the bacteria in the fish flesh are killed by the high frying 
temperatures. If stored at 0-8 °C, a fried marinade may have a 
shelf-life of one year. 
Preparation of fried marinades 
1. Clean, cut and pre-salt the fish as with cold marinades. After 
draining, bread· the fish or fish pieces . 
2 . Fry the breaded fish for 5-12 min in fat at a temperature 
be tween 160 °C and 180 °C. If a de p fat ystem i u ed, frying 
will be complet when the fish or fish pieces rise to the surface 
(the specific gravi ty i s altered as fat is absorbed and water is lost) . 
3. Pack the fish in cans and cover with a br ine containing 2- 3.5% 
acetic acid and 3-5% salt . As with other types of marinade, add 
spices for taste. 
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OTHER MARINADED PRODUCTS 
Ceviche. 
Ceviche is a South American product made by marinading fish 0 
shellfish with our orange juice, lime juice or tartaric acid dissolve~ 
in water, may be used instead of orange juice. 
The method of preparation is as follows. 
1. Scale, fillet and clean the fish thoroughly. 
2. Cut the flesh into 10-15 cm cubes, wash and drain. 
3. Combine the fish with a mixture of onion and garlic, season with 
salt and add peppers. 
4. Pour lime/ sour orange juice or tartaric acid over the mixture and 
leave to marinade overnight. 
The final product has a shelf -life of five days in tern per ate climates; 
if it is stored at ambient tropical temperatures the shelf-life will be 
shorter. 
Escabeche 
This is a method which originated under Spanish influence in the 
Philippines. Fish pieces are fried and then marinaded in vinegar. The 
vinegar is sometimes flavoured with garlic, ginger and peppers. 
Sugar may also be added to the marinade. 
Paksiw 
This marinade also comes from the Philippines. Raw fish plus 
coconut, vinegar, salt and sometimes sugar, are boiled together in 
a pot. Water is then added and the mixture re-boiled. The final 
product has a shelf-life of several days. 
SHELF-LIFE 
Marinades have a limited storage life because of their method of 
preparation. Cooked and fried marinades do not usually get hot 
enough to make them sterile. Spoilage of marinaded products can 
occur in different ways depending upon the cause. 
1. Physical spoilage If a pack is frozen, expansion of the contents 
may damage the glass jar or tin can. 
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chemical spoilage The acetic acid will attack the m tal of 
z,. bi'ldlY lacquered or tinned cans. The action of the acid on the 
metal willrelease hydrogen which may cause the can to swell. 
Metal dissolved in the acid may alter the flavour of the product. 
Biological spoilage Th protein of the fish may be broken down 3
· to such an extent that off-flavours develop as a result of bacterial 
or autolytic enzyme action. If any of the spices or other additive 
contain sugar, bacteriological fermentation may occur. 
AS marinaded products are not sterile, it is essential that prepara-
tion is carried out only under hygienic conditions. All containers, 
working surfaces, tools and ingredients sh uld be clean. 
FURTHER READING 
DAVIDSON, A. (1976) Seafood of South East Asia. London: 
Macmillan (1980). 
JAR VIS, N. R. (1987) Curing of Fishery Products. 
SIKORSKI, Z . E. ( 1990) Seafood; Resources, Nutritional Composi-
tion and Preservation. 
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Fermentation process s are tbo in which organic cataly t 
(enzyme or ferm nt ) break down complex organic molecules. Th 
nzymes re ponsiblefor digestion in the high r animals were one c 
referr d to a dige tive ferments. e 
U wet fish protein (fish flesh) is protected from micro-orgapi m c011_ 
tamination and the enzyme present in the flesh are inactivated 
the flesh does not break down but remains stable for a considerabl~ 
period. Many of the processes us din fish preservation ar designed 
to keep the flesh as near as pqssible to its original conditi n. Fer-
mentation, however, involves the breakdown of wet protein to 
simpl r substance which are themselves stable at normal tempera-
tures. In some processes, breakdown is only partial and is con trolled 
by the addition of salt. Thes proces es are designed to impart a 
particular flavom as well as to preserve the product. Breakdown is 
sometimes effected by enzymes present in the fish (autolysis); 
micro-organisms may also be involved. In many other cases, 
breakdown is by hydrolysis (splitting with water). 
Different fermentation processes result in three distinct types of 
product: 
(a) products in which the fish largely retain their original form, 
or in which large chunks of fish are preserved; 
(b) products in which the original fish is reduced to the form of 
a paste; and 
(c) products, or 'fish sauces', in which the flesh is reduced to a 
liquid. 
Very few of these processes are used outside Asia (Table 40). 
FERMENTED FISH 
Any fish subjected solely to a salting process is likely to ferment to 
some degree. The degree of fermentation depends on, for example, 
whether the fish is completely or partially gutted, the proportion 
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'fable 40 Fish sauces and pastes of Southeast Asia 
Name 
cotUJ.trY 
aurma 
Indonesia 
J(ampuchea 
Laos 
Malaysia 
philippines 
Thailand 
Vietnam 
Sauce Paste 
Amber/brown liquid Red/brown 
Salty taste1 cheese-like aroma Salty paste 
ngapi 
ketjap-ikan 
nuoc-mam-gau-ca 
nam-pla 
budu 
patis 
nam-pla 
nuoc-mam 
ngapi 
trassi f shrimps) 
prahoc 
padec 
belachan (shrimps) 
bagoong 
kapi 
mam-ca (fish) 
mam-tom (shrimp) 
From: Adams, M . R., Cooke, R. D. and Pongpen Rattagool (1985) Fermented fish 
products of Southeast Asia. Tropical Science, 25 (1) 61-73. 
of salt used1 the fat content of the fish 1 which additives if any, are 
added during the salting process and1 finally1 the temperature at 
which the salted fish is kept. Temperature is particularly important; 
using precisely the same process but keeping the fish at a higher 
temperature than normal1 can produce a completely different result. 
Herring 
Herring (Clupea harengus) were formerly used for a variety of 
products 1 the commonest of which was pickled herring. The fish 
were typically dry-salted in barrels1 the proportion of salt varying 
from 15 to 36% in different cures. A brine formed and covered the 
fish; in most cures; the barrels were topped up after a while with 
fish and brine from the same day 1 s curing. There were special cures 
known1 for example1 as Dutch1 Scotch and Icelandic. Fish pickled 
in this way could be kept for more than a year at European ambient 
temperature. The fish flesh was then only very moderately softened; 
the ripening process took several months. These products typically 
contained 10-12% salt; the only bacteria which would survive 
under these conditions were salt tolerant or halophilic bacteria. A 
proportion of sugar was added to the salt to encourage fermentation1 
and spices such as peppers1 mace1 coriander1 hops1 cinnamon, 
ginger1 cardamom and even sandalwood were also added. Benzoic 
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acid was sometimes used as a preservative; until recently, boric . 
was also used by some packers, but it is now generally prohibi~~~~ 
Anchovies 
Cured anchovies are a delicacy popular in the Mediterranean are 
The only genuine cured anchovies are made from Engrau{ 
encrasicolus by salting and fermentation . Although s.imu~8 
proc s es are sometimes applied to ardin and sprat , the produc~ 
i not of comparable quality. The be t anchovies for cw·ing should 
have a high a fat content a possible and there should be about 
35-40 fish to 1 kg (about 25-28 g ach). They are headed, gutted b}7 
pulling off the head, and salted down in layers using 5-6 kg of 
salt/ 10 kg of anchovies. A final layer of salt is put on top and a 
weighted wooden disc keeps the fish well pressed. A brine forms 
the fish sink down under the brine, and additional fish and salt ar~ 
added a few days later. The fish are kept in the brine under pressure 
for at least six or seven months. During this time, water and fat are 
pressed out of the fish and together form a layer of brine covered with 
fat. The liquid which overflows is collected and used later to spray 
the anchovies during the cure. The process is carried out in sterile 
containers using sterile salt and it would therefore appear that no 
micro-organisms are involved in the process. Traditionally, the 
cured anchovies were sold from the containers in which they were 
manufactured; these varied from wooden barrels holding 50-200 
kg, to hot-dipped tin plate cans (plain on the inside and lacquered 
on the outside) holding 20 kg. However, the fish are now sometimes 
filleted and packed in small retail cans. 
Mackerel 
In the tropics, fermented fish are often made from the various species 
of mackerel, especially Scomberomorus commersoni. In South 
Kanara, India, a specialized cure known as the Colombo cure is used. 
Absolutely fresh fish are gutted, the gills are removed and the fish 
washed in sea water. They are then rubbed with salt (ratio 1:3) and 
put in cement tanks. About 8 kg of Garcinia camboges fruit, which 
is similar to tamarind, are added to each tonne of fish; this fruit is 
extremely acid. The fish remain in the brine which forms in the tank 
for two to four months; they are then exported packed in wooden 
barrels. They are reported to keep well for at least a year. S. com-
mersoni used to be salted in Aden in cement tanks using about one 
part of salt to three parts of fish; the brine was allowed to flow away, 
280 
Fermented Fish Products 
dJJ.O acid .fruit pulp was used. The e fish were sewn up in palm 
all I bags and exported in a very soft condition to the east coast of 
JcS ·ea. A number of other commodities, including 1Vlakassm· fish, 
;J:rlmade in Asia. Many of these products includ a proportion of 
~re . 
" ,, dnc . 
coOJ'e 
sfiRIMP AND FISH PASTES 
unlike many traditional products made in the tropics, fish pastes 
and pates made in western countries do not involve fermentation. 
'The processes for making fermented fish pastes are all essentially 
sinJilar. Typically, the fish or shrimps are pounded to a pa te w"th 
a proportion of salt. The paste is subjected to varying periods of sun-
drying before being packed to mature in a container from which air 
is excluded. A period of s1.m-drying sometimes follows salting before 
anY comminution is attempted. The moisture content of a typical 
paste varies from 35 to 50% i almost half the water present in the 
fresh material will therefore have been lost during processing. 
Typical pastes include the ngapi o£ Burma, the pra hoc and various 
mams of Cambodia, belacan of Malaysia and the trassi oflndonesia. 
Trassi may be made from shrimp or fish. Processing details vary 
almost from village to village but where sun -drying is possible, the 
raw material is typically sun-dried for a day before it is salted. After 
sun-drying, the material is pounded in a wooden mortar. The follow-
ing day the dough is exposed for a second time. Later, the product 
is pounded and mixed with salt. In some cases, the raw material is 
salted in the catching vessels and is only later subjected to sun-
drying. The Malaysian process for making belacan is similar. The 
raw or partially dried material used to be crushed in wooden trays 
by a treading process similar to that in which grapes are trodden for 
wine making. Nowadays, the process has been mechanized and 
butchers' choppers are used for the mixing and pounding. 
In a typical process, Acetes shrimp (udang gragok, udang bari) and 
smaller proportions of mysid shrimp are used. The process is as 
follows. 
1. The fish and larger prawns are sorted from the catch so that only 
the smaller shrimp remain. 
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2. The small shrimp are mixed with salt in bamboo basket 
wooden tubs using a ratio of 4-5 kg salt: 100 kg wet shri:rn s o:r 
P. 
3. The pickled shrimps are spread out in thin layers on mats to d 
in the sun. :ry 
4. Drying continues for 4-8 h during which time about SO% 
the moisture is evaporated. The material is again sorted a of 
rubbish, fish and crabs are removed. lld 
5. The salted shrimps are minced and then pressed into a paste i 
wooden tubs or boxes. It is important that all air bubbles a:rn 
excluded at this time. e 
6. The minced paste ferments for up to seven days; it is then dug 
out of the tub and spread to dry in the sun for 3-5 h. The paste 
is minced again and returned to the wooden tubs where it 
ferments for about a month. It is then minced for a third time 
and packed in blocks wrapped in cellophane or brown paper. 
The yield of paste is 40-50% of the raw shrimp weight. A typical 
analysis of good quality belachan is as follows: pH 7.6-7.8, 
moisture content 27-40%, ash (including salt) 20-24%, salt 
13-18% and protein 30-40%. 
Artificial colouring such as Rhodamine B is sometimes used to 
produce the desired deep pink colour; some curers have been seen 
to be most liberal in their application of this poisonous dye. There 
are no records of poisoning by artificial colourings but it would be 
advisable to replace them with one of the safer food colours. 
FISH SAUCES 
The production of fish sauces requires a longer period of fermenta-
tion than for fermented fish and fermented fish paste. The sauces 
are liquids containing a mixture of amino acids and other protein 
degradation products; they are therefore similar to soya sauce. Like 
soya sauce, they have high salt contents which limit their use as 
food. They are used principally as condiments for flavouring rice 
dishes and may be eaten with plain boiled rice. They are also used 
freely in vegetable cookery. 
In order to produce the classic sauces such as the nuoc-mam of 
Cambodia and thenam-pla of Thailand, fish are mixed with salt in 
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L1d or outer cover wh1ch presses down 
_ Inner cover (bamboo) 
~ ) 
Sa lt 
~=-- Stopper 
m 
Spigot or tap 
Bottom boards are let into the side 
Figure 75. Vietnam: section of the vat used for making nuoc-mam (courtesy Institut Oceano-
graphique de Nha-Trang) . 
Source: Redrawn from Figure 19 inlrJdo-Pacific Fisheries Council Regional Studies, No. 4, Fish 
Processing in the !JJdo-Pacific Area compiled by G. N . Subbn Rao. Food and Agriculture 
Organization of the United Nation Regional Office .for Asia and. the nr E.1St, Bangkok. 
1967. 
Strapping (bamboo stnp) 
Ladle 
Figure 76. Vietnam: general view of a nuoc-mam vat at Nha-Trang (courtesy Institut Oceano-
grnphiqn de N1la-Trangj. 
Source: Redravro Irom Figure 19 in lndo·Pacific Fisheries Cow1cil Regional Studies, No.4, Fish 
Processing in the lndo-Pacific area compiled by G. N. Subba Rao. Food and Agriculture 
Organization o{ the United Nations Regional Office for Asia and the Far East, Bangkok. 
1967. 
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tubs or vats and left to stand for p riods varying from five t 
months. Figures 75 and 76 illustrate the type of vat used forot~8 
manufacture of nuoc-mam. The be t sauces are mad from anch e 
vies {Stolephorus spp.) and a typical pr cess is as follows . o. 
1. The fish are washed in sea water. They are then mixed with 8 1 in tubs or vats made of wood or cement in a ratio of fish to 8 al t 
between 1:5 and 1:1. A weight is placed on top to keep the fi:~ 
b low·the brine. 
2 . The vats are left to stand for five to 18 months. The clear liquid 
is then skimmed off the top or drained through a spigot near the 
bottom of the container. 
3. The liquid is filtered, bottled or barrelled, and exposed to the sun 
until it is ripe. 
4. Finally, the liquid sauce is packed in bottles or earthenware con-
tainers for distribution. 
After the first liquid has been drawn off at stage 2, the residue can 
be extracted several times with salt water to produce a lower grade 
product. This is sometimes followed by extraction with boiling 
brine. The yield is typically about 90% of fish sauce by weight. The 
chemical composition of low grade and high grade nam-pla 
(Thailand) is shown in Table 41. 
Table 41 Chemical composition of nam-pla (Thailand) 
Chemical (g/100 cm 3 ) Low grade High grade 
Salt 28.40 28.15 
Total nitrogen 0.92 1.92 
Ammonia nitrogen 0.28 0.28 
TMA nitrogen 0.02 
Organic nitrogen 0.62 0.64 
Formol ·nitrogen 0 .83 1.13 
Amino nitrogen 0.55 0.85 
The pH should be 5. 75 for low grade products and 5.58 for higher 
grades. A first grade product should contain 20-23 g/1 of nitrogen 
and of this, 50% should be formal titratable; not more than 
15-20% should be titratable as ammonia. The salt content should 
be 20-25 g/100 g and the pH should be below 6.0. 
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.tf8J1Y attempts have been made to speed up the manufacture of fish 
JY-'llces. The process accelerates as tern per a ture increases up to about 
!~ oc, but unfortunately, the liquids produced at uch high tern-
. ers.tures do not have the characteristic flavour of the cla sic sauces. 
~s this is well known among the producers, they endeavour to keep 
the areas in which the vat are ituated relatively cool. 
10 the Philippines, the production of the fish sauce patis was experi-
mentallY accelerated by artificially heating and aerating thefi h/ salt 
J)li$ture in a concrete tanki the mixture had previously been allowed 
to ferment in a traditional manner for 50 days at ambient tempera-
ture. This reduced the processing time for patis from 12 to two 
1110nths, and the sauce end product was reported to be similar in 
quality to that of the traditionally produced sauce. 
Fish sauce production can also be accelerated by adding protease 
enzymes from plants, animals and microbes. These speed up 
hydrolysis of the fish protein, resulting in a rapid build-up of free 
amino acids. 
A list of fermented fish/ salt products common in Thailand is shown 
in Table 42. 
Table 42 Fermented fish/ salt products common in Thailand 
Approx 
Type of salt/ fish Production Type of 
Name fish Form ratio period use 
Hoi-dong Molluscs Whole or Main dish 
without 
shells 
Kapi Small fish, Whole 1:4 3-4 months Condiment 
(fish or shrimps, and main 
shrimp paste) crustaceans dish 
Nam-pla Variety of Whole 1:3 18 months Condiment 
(fish sauce) fish 
Nam-budu Variety of Whole 1:3 After 3-12 months, Condiment 
brackish or 10% raw sugar addedi 
marine fish the mixture is then 
boiled and bottled 
Nam-khoei Shrimps, Whole 1:4 Condiment 
crustaceans 
Pla-thu-khem Mackerel Whole 1:3 2-3 months Main dish 
eviscerated 
fish 
Tai-pla Variety of fish Bowels 1:3 6-8 months Main dish 
From: Adams, M. R., Cooke, R. D. and Pongpen Rattagool (1984) Fermented fish products of 
Southeast Asia. Tropical Science, 25 (1): 61-73. 
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LACTIC ACID FERMENTED FISH PRODUCTS 
Lactic acid ferment d product are popular in inland areas of Th . 
land and the Philippinesi freshwater fish specie are oft n llSed ~l­
tbeir production .. Lactic acid fermen:ed products can usually~~ 
proce · ·ed more qmckly than alt only h h auce . They al o conta· e 
lower salt lev 1 , 6- 18% compared with ovei 20% in sauces, an.~ 
can therefore b eaten a main courses. The products ar made b 
mixing the fish with salt and a carbohydrate uch as cooked ric:. 
The amount of salt and carbohydrate will determine the keeping 
quality and the extent of acidfem1entation which takes place . The 
carbohydrate provides a food ource for lactic acid-producing 
bacteria. Growth of proteolytic spoilage, non-acid-producing 
bacteria is inhibited by th reduction in pH caused by the lactic acid. 
Also, lactic acid-producing bacteria com,pete for nutrient with the 
spoilage bacteria and are thought to produce antibiotic compounds 
and hydrogen peroxide which inhibit the growth of non-acid-produc-
ing spoilage bacteria. 
Production of pla-ra 
Pla-ra is the most popular lactic acid fermented product in Thailand. 
Its consistency varies from a dark brown liquid to partly dried fish 
pieces. The following is a guide to the preparation of pla-ra. The 
process can be divided into two stages. 
Stage 1 Fish (Trichogaster trichopterus or Ophicephalus striatus) 
are descaled, eviscerated and mixed with salt in a 3:1 fish to salt 
ratio. They are then packed in jars and kept for between 15 and 90 
days. 
Stage 2 The fish are removed, washed and allowed to drain. They 
are subsequently mixed with ground roasted rice in a 1: 10 rice to 
fish ratio, and replaced in the jars for a further one to six months 
of storage. 
The shelf-life of pla-ra can be one to three years. 
Som-fak is another fish/ salt/ carbohydrate product of Thailand 
which is commonly eaten as a main dish. The final product has a 
shelf-life of two weeks (Table 43). 
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fable 43 Fish/ salt/ carbohydrate products of Thailand 
..---; Production Storage 
rJltllle of 
product• Ingredients time life Use 
:-----: Fish (whole or pieces) : 6-12 months 1-3 years condiment, p]o·IO (C, N, NE) 
salt:roasted rice main dish 
3:1:0.2-4 
p]a·iOO (C, N, NE) Fish (pieces) : salt: 10-20 days 2-3 months main dish 
khao-mark (fermented 
rice) 3:1:1-3 
pla-som (NE, C) ·Fish: salt: boiled rice: 5-12 days 3 weeks main dish 
garlic 10:2: l :0.25-1 
pla-jom (NE, C) Fish:salt:roasted rice: 3-7 days 2 weeks main dish 
garlic 10:1:3:1 
som-fak (NE, N) Fish (minced): salt:rice: 5-10 days 2 weeks main dish 
garlic 10:0.5-1.5:2-3:1 
pJa-paeng (S) Fish: salt: boiled rice: 5 days 6-12 months condiment, 
-daeng ang-kakt 3:1:3:0.03 main dish 
c = Central, N = North, NE = North East, S = South of Thailand. 
• Thefirstfourproducts can also be made with shrimp, in which case the prefix 'Pia' is replaced 
withKung. 
tAng-kak is red mould rice obtained by fermenting rice with a culture of Monascus purpureus. 
Production of som-fak 
1. Mince or grind the fish meat (Ophicephalus lucius). 
2. Add ground cooked rice, minced garlic and salt in a ratio of 3:1:1. 
3. Mix thoroughly into a paste. 
4. Pack tightly into a bowl and cover with plastic sheet (or pack 
separately in small plastic bags). 
5. Ferment for 5-10 days. 
The pH of pla-ra can vary from 4. 7 to 6.2 which suggests that the 
organoleptic quality and shelf-life of these products can also vary. 
This, combined with occasional spoilage problems, is thought to 
account for the fact that lactic acid fermented fish products are 
currently less economically important than salt preserved products. 
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FURTHER READING 
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Stockholm: International Foundation for Science. · 
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:soiling fish in water is one means of short-term preservation which 
iS used in many countries, especially in Southeast Asia. Although 
the roe thod is used in other parts of the world, it is, in fact, only of 
J)lajor commercial significance in Southeast Asia. The shelf-life of 
the products varies from one or two days to several months, depend-
ing on the method of processing. 
:BASIC METHOD 
:soiling fish in water at normal temperatures and pressures denatures 
(cooks) the proteins and enzymes, and kills many of the bacteria 
present on the fish. The spoilage which usually occurs in dead fish 
is therefore stopped or drastically reduced. However, with the 
normal methods of packaging, the cooked fish are soon re con tami-
nated with bacteria so spoilage can begin again. Boiling the fish in 
water will not produce a completely sterile product, and even if they 
were packed in completely sealed packaging, spoilage would still 
occur. 
Many variations of the basic method of preparation are used, depend-
ing on the raw material, the required shelf-life and consumer 
preferences. Salt is often added before, during, or after processing; 
high levels of salt in the final product will help to extend the shelf-
life . In hot humid countries where drying may be difficult, boiling 
may allow the catch to be distributed to markets in an acceptable 
condition with simple, low-cost facilities and equipment. 
Fish products which are boiled for a relatively short time with little 
salt should be treated in the same way as fresh fish. If fish are cooked 
for several hours with plenty of salt, the product will not resemble 
fresh fish and can be treated in a similar manner to other salted fish 
products. 
PRODUCTION METHODS IN ASIA 
Some of the methods used to produce the range of boiled fish com-
modities in Asia are outlined below. 
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Cambodia 
Eleutheronema, Stromateus, Polynemus, Cybium and Sardinella 
spp. are used as raw material. 
Processing method 
1. Place the fish in small baskets. 
2. Immerse in boiling brine (5 kg sodium chloride/20 1 sea water) 
for 3 min. 
The fish are distributed in the same small baskets and have a storage 
life of one to three days. 
Malaysia 
The raw material is Rastrelliger sp. (kembung) 
Processing method 
1. Wash the fish in sea water. 
2. Immerse them in saturated brine for 3-4 h. 
3. Arrange the salted fish in bamboo baskets. 
4. Immerse the baskets in boiling brine containing 25-34% salt. 
5. Allow the baskets to cool. 
6. Store in a cold room. 
This method yields approximately 70% of the raw material weight. 
The product is packaged in the processing baskets. 
The Philippines 
The raw materials used in this method are tulingan, frigate 
mackerel, etc. 
Processing method 
1. Prepare the fish. They may sometimes be gutted, and the side 
of the fish may be cut. 
2. Rub salt into the fish. 
3. Place the fish on a mat in a clay pot. 
4. Fill the pot to the top with fish. 
5. Heat the pot gently until the fish are steamed. 
6. Package in the processing pot. 
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Indonesia 
In Indonesia, various boiled fish products, generally known as 
pindang, are produced. In the method outlined below, the raw 
material can come from many different species including sharks, 
but it is commonly Rastrelliger (kembung), Decapterus (layang), 
Euthynnus (tongkol) or Caranx spp . 
Processing method 
1. Gut and cut the fish to fit the containeri small fish need not be 
gutted . 
2. Wash the fish. 
3. Arrange the fish in the containers (clay pots or metal bowls) in 
alternating layers of fish and salti the ratio of fish to salt varies 
be teen 20: 1 and 3: 1 depending on the shelf-life and taste required. 
4. Add a little water. 
5 . Heat above a fire (wood or oil) until nearly cooked. 
6. Drain most of the liquid from the bottom of the container. 
7. Add more salt to the fish on the surface and cook until no free 
water remains in the bottom of the container. 
8. Seal the top of the container with leaves or paper. 
9. Package and distribute in the processing container. 
The finished product yields 80-90% of the raw material weight 
and has a shelf-life of a few days to three months, depending on the 
quantity of salt and the effectiveness of sealing the container. 
The following procedures have extended the shelf-life by up to nine 
months: sterilization of the clay pots before cookingi sealing the tops 
of the processing containers with rubber ringsi sealing the outside 
of the pots with wax. 
Some concern has been expressed in Indonesia about public health 
and safety of boiled fishi some cases of sickness, or even death, have 
been attributed to eatingpindang. Traditionally, clay pots have been 
used for cooking and distribution but these have been replaced to 
some extent by pots made from galvanized sheet. It has been sugges-
ted that the zinc used for galvanizing and the lead used to solder the 
seams, may contaminate the fish. Insufficient cooking or too little 
salt may also allow the growth of harmful micro-organisms. There 
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have also been suggestions that histamine poisoning may occur 
where pindang is produced from pelagic species. Boiled products are 
acceptable to large numbers of consumers in Southeast Asia, and 
the process may be suitable for introduction to other tropical 
countries where the high temperature and humidity make norma} 
salting and sun-drying difficult for part or all of the year. 
Thailand 
The shelf-life of shellfish can be extended by boiling. The green 
mussel (Perna viridis) for example, a popular food in Thailand, has 
a very short shelf-life fresh in-shell. 
Several methods are used to preserve mussel meat, including 
boiling. 
Processing method 
1. Separate the meat from the shell by steaming. 
2. Remove the byssal thread. Rinse in water and then boil in brine 
for 5 min. 
3. Drain the meats and pack into plastic bags. Keep in ice. 
Mussel meat treated in this way has a shelf-life of four days. The 
meats can be sun-dried after boiling to extend the shelf-life further. 
They can also be frozen for export, often after a second boiling. 
FURTHER READING 
NG MUI CHING and HOOI KOK KUANG (compilers) (1987) 
Southeast Asian Fish Products. Singapore: Marine Fisheries 
Research Development, Southeast Asian Fisheries Development 
Center. 
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canning is a relatively modern process which enables food to be 
preserved in an edible condition, under a wide range of storage con-
ditions, for long periods (from a few months to several years) . There 
.are three different stages to the process: hermetically sealing the 
food in a container; heat 'sterilizing' the sealed unit; and cooling 
it to ambient temperature for subsequent storage. 
Although the fish canning industry is more developed in the indus-
trialized countries of the northern hemisphere, a number of tropical 
countries produce a variety of canned fish products. Mexico and 
Brazil, for example, produce large quantities of canned fish, a large 
proportion of which is sold on the home market. Morocco is reported 
to be the largest producer of canned sardines in the world, and 
Thailand is now a producer of large quantities of canned tuna. Tuna 
is also canned in countries such as the Solomon islands and Fiji. Fish 
canneries in some of the developed countries use fish, particularly 
tuna, which were caught in tropical waters and then frozen for 
shipment to the cannery. 
Canned fish have the potential for keeping almost indefinitely 
because the bacteria which cause deterioration are killed during the 
canning process and the fish cannot be subsequently re-infected. 
Ideally, fish should be put into the can in the freshest possible 
condition, air should be removed by heat treatment, the lid should 
be hermetically sealed and the can should be sterilized by further 
heat processing. The second heat treatment should be carried out 
at temperatures around 120 oc, usually with steam under pressure. 
The preparation of the fish and the canning operation itself vary 
according to the species used. Examples are given later in this 
chapter. 
A canning industry should be considered only if the following are 
available: 
• a regular supply of large quantities of suitable fish (and other 
materials, e.g. salt, oil, etc.) at a reasonable price 
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• an adequate supply of cans at an economic price 
• adequate manpower 
• suitable infrastructure (energy, water, transport, etc .. ) 
• a market for the finished products . 
. Canning is always an expen sive operation and it is therefore essen.. 
ti~l to give careful con ideratiOI to the econom ics of production. 
In m any less developed countries, the high cost of cans has hindered 
the development of fish canning industries . The most profitable 
canning operations are based on the canning of tunas, sardines 
crustaceans and certain molluscs. ' 
FILLING AND SEALING 
As fish are physically delicate they can be damaged by mechanical 
handling. Therefore, they are still packed into cans or other retort-
able containers mostly by hand. Brine, edible oil or sauce may be 
metered in to the containers mechanically. After the usual heading, 
gutting, cleaning and trimming operations, the fish are often 
subjected to pre-processing operations such as salting, brining, 
drying, smoking, cooking, or a-combination of these . Such pre-
processing operations have the advantages of 
(a) denaturing the proteins and thus rendering the fish muscle 
firmer and more capable of withstanding handling during the 
filling operation; and 
(b) removing water from the fish, making them less subject to 
shrinkage and unsightly aqueous exudation inside the can 
during heat treatment. 
Heat is transferred through the fish by conduction and is therefore 
a very slow process; at a processing temperature o£.121 oc, it would 
take 6 h to raise the centre temperature of a can 145.5 mm in 
diameter and 168 mm in height from 10 to 100 °C by conduction 
alone. By this time, the fish nearest the walls of the container would 
be grossly overcooked. By comparison, if all the heat could be trans-
ferred by convection, it would only take 10 min to achieve the same 
temperature rise at the centre of the same size of can under the same 
conditions. It is therefore better to surround the fish with liquid so 
that the distance through which heat is transferred by conduction 
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iS kept to a mm1mum. Most fish canners increase in-can heat 
transfer rate even further by processing the cans in a rotary retort. 
The movement of the headspace bubble during rotation forces an 
iJlcrease in liquid movement and therefore, convection heat trans-
fer. The fish are more evenly cooked throughout the can and those 
nearest the can wall are less likely to be overcooked (Figure 77) . 
T 
Contents of can 
T =Top of can 
T 
Figure 77. Movement of headspace in rotary retort. 
The headspac [or ullage) is the space left in the top of the can to 
allow for expansion of the contents during the heating process. 
However,leaving air in this head pace causes con iderable internal 
pressure during proce sing. This leads to oxidation of the contents 
[causing surface di coloration and rancidity) and corro ion of the 
container during subsequent storage. It is therefore neces ary to eal 
the can under vacuum (Figures 78 and 79). 
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Second operation 
seaming roll 
Seaming chuck 
Pin 
Maker's double seam operation 
Figure 78. Basic seamer design. 
Canner's end 
<0111 Body 
First operation 
seam1ng roll 
Canner's double seam operation 
Source: Redrawn from a drawing on page 14 of Double Seam Manual. Metal Box Open Top Group. 
1978. 
Figures 78 and 79 show how the lid (or end) is attached to the body 
of the can in the two double-seaming operations. It is vitally impor-
tant that the side seam and the double seams are completely 
hermetic. For the side seam, solder (98 parts lead to two parts tin) 
is used to complete the seal; the double seams are sealed by the 
melting and re-setting of a plastic sealing compound on the inside 
curl of the end-piece (Figure 79). 
It is important that double seams are checked regularly both for 
visible faults and, by measurement of slackness, for the extent to 
which the body hook penetrates the sealing compound in the curl 
of the end-piece. 
STERILIZATION 
Not all fish sealed into cans are heat processed. Anchovies, for 
example, are packed in salt and then sealed in cans without any 
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Figure 79. Double seam dimensional terminology. 
Source: Redrawn from a drawing on page 8 of Double Seam Manual. Metal Box Open Top Group . 
1978 . 
further processing. The very high salt content prevents subsequent 
growth of micro-organisms. However, the product can only be eaten 
in very small quantities in this form and is generally used as a 
condiment or flavouring in other dishes. 
If heat sterilization is to be used for preservation, it is essential that 
the effect of severe heat treatment on the fish tissues is known. 
First, it is impossible to produce a high quality canned fish product 
from fish whic}:l are at an advanced stage of spoilage. 
297 
Fish Canning: Theory and Practice 
Secondly, asthetemperaturerise , the mu cle proteinsiucreasiugl 
denature and progressively lose the water which is loos ly bou11~ 
in the undenatured protein network. The un ightly watery xudat 
may cause a sauce to curdle, and the par tially dehydrated fish 
muscle, although surrounded by liquid, feels dry and 'woolly ' in the 
mouth. As well as denaturation, the severe h eat treatment may also 
cause some degradation of proteins to amino acids and other simple 
(but often malodorous) breakdown products i these may react With 
the metal of the can walls and produce unsightly black depo it . 
The quality of oily fish is much less impaired by severe heat treat-
ment than that of non-oily fish. This may simply be because the oil 
in the muscle tissue acts as a barrier to water loss from the protein 
structures and enables the canned oily fish to retain their succulence 
throughout the heat process. Non-oily fish generally yield a product 
only suitable for fish paste or pet food manufacture. 
In order to determine the degree of heat treatment needed to preserve 
food within a can, three pH groupings of food are recognized. 
1. Acid foods At a pH of less than 4. 5, acid foods cannot support 
the growth of heat-resistant, spore-forming pathogens such as 
Clostridium botulinum. For effective preservation of these foods 
(e.g. most fruits and pickles), it is only necessary to destroy the 
relativ.ely heat-sensitive, acid-tolerant micro-organisms which 
could otherwise grow and cause spoilage. Only a mild heat 
process is required (e .g., the coldest point in the can need only 
be treated for 5 min at 100 °C). 
2. Medium-low acid foods Foods with a pH between 4. 5 and 5.3 
will support the growth of pathogenic, heat-resistant spore 
formers such as C. botulinum. They are therefore processed to 
reduce the chance of survival of these spores to virtual insigni-
ficance (e.g. the coldest point in the can should receive a 
minimum process of 10 min at 121 °C) . 
3 . Low acid foods Foods with a pH greater than 5. 3 will support 
the growth of organisms such as C. botulinum as well as the 
germination and growth of highly heat -res is tan t spores, such as 
those of Bacillus stearothermophilus, which cause flat-sour 
spoilage. Fortunately, these spores will only germinate and grow 
at temperatures greater than 37 oc and therefore do not often 
affect food stored at cooler temperatures . If heat processing was 
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necessary to destroy them, the severity of the process would 
probably make the food inedible. 
pisb are a low acid food. Therefore, it should be remembered that 
ca.nned fish which have been proce ed to eliminate the chance of 
c. botulinum spore survival should be tored at temp ratures below 
that at which pos ibl surviving pores of B. stearothermophilus 
could germinate. 
Figure 80 is a thermal death curve showing the fall in numbers of 
surviving spores against time at a given process temperature, and 
Figure 81 is a death rate curve which shows the log, 0 number of 
surviving spores against time at a given process temperature. Figures 
80 and 81 show that the destruction of bacterial spores at a given 
process temperature is not instantaneous but decreases logarith-
mically within the exposure time at that temperature. The time 
taken for the graph to traverse one log cycle (i.e., the time taken at 
a given temperature to reduce a particular bacterial spore population 
to 0.1 of its original number) is called the Decimal Reduction Time, 
D 8 (8 being the given temperature). 
] 
E 
~ 
z 
0~--------------------------------
Time at ftxed temperature 
Figure 80. Thermal death curve for hypothetical organism. 
299 
Fish Canning: Theory and Practice 
I!! g 
.1: 
::l 
Cl) 
0 
" .0 E 
" z 
10 5 
10 4 
10 3 
102 
10 1 
10° 
0 
\ 
i\ 
5 
Figure 81. Death rate curve. 
300 
\ [\ 
[\ 
1\ 
'\ 
'\ 
I '\ 
I 
I 
1'4 D value 
10 15 
Time (minutes) 
\ 
1\ 
I \ \ 
~ \ 
\ 
\ 
20 25 30 
Fish Canning: Theory and Practice 
103 ~ ""~ ~ ""' 
102 ~ 
" .'\. '\. 
'\.. 
" 
"' -~ ... ~, "e. <9~ ~ (' ~ '<t, ~"?. . ~(.~ ~<' ""?J ~/ 
, o,., 
q~ ~?) ~ " 
""' ~ " 
" 
""'""' 
10 
10° 
"\, 
10·' 
210 220 230 240 250 
Temperature (0 C) 
Figure 82. Thermal death time curve. 
Source: Adapted from a drawing on page 179 in Canned Foods by A C. Hersom and E D. Hulland. 
7th edn. Churchill Livingstone, Edinburgh. 1980. 
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Figure 82 is a thermal death time curve which shows the Decimal 
Reduction Time against the process temperaturei the temperature 
interval over which a ten-fold increase or decrease in the value of 
D occurs is called the Z value. 
Table 44 Bacterial groups and their heat resistance 
Organisms 
Thermophiles 
B. stearothermophilus spores 
C. thermosaccharolyticum spores 
C. nigrificans spores 
Mesophiles 
C. botulinum spores (types A and B) 
B. coagulans spores 
Non-spore forming mesophilic 
bacteria, yeast and moulds 
D121 °C 
(min) 
4-5 
3-4 
2-3 
0.1 -0.2 
0.01-0.07 
0.5-l.O 
Most fish canning heat processes are based on the elimination of 
C. botulinum spores as this is the most heat-resistant pathogen 
which could grow in the canned fish. However, it can be seen from 
Table 44 that a process which achieves 12 decimal reductions of C. 
botulinum spores (i.e., 12 x 0.2 = 2.4 min at 12l oq would only 
achieve approximately half a decimal reduction of B. stearothermo-
philus spores. 
It is not possible to achieve a 'cold spot' temperature instantane-
ouslyi the temperature at the cold spot rises slowly throughout the 
process and the process may use a temperature below 121 °C 
anyway. It is therefore necessary to determine the 'lethality' of all 
temperatures with respect to the lethality of 1 min at 121 °Cj for 
this, the reciprocal of D, which is called theL value or 'lethal rate', 
is used. 
Table 45 Lethality values 
Cold spot temperature (0 C) 
131 
121 
111 
101 
91 
D value 
0.1 
1.0 
10.0 
100.0 
1000.0 
In this case, Z = 10 °C as for C. botulinum spores. 
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10 
1 
0.1 
0.01 
0.001 
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It can be seen from Table 45 that it takes 1000 min at 91 oc to 
achieve the same killing effect on bacteria as 1 min at 121 °C. In 
other words, 1 min at 91 oc has 0.001 (10100 ) the lethal effect of 1 
Illin at 121 oc. 
If the initial concentration N, of bacterial spores must be reduced 
in number to an acceptable level, N 0 , the quantity log N 1 is called 
the 'Order of Process Factor'. No 
Thus, if Nf is the number of spores surviving after processing, log 
Nf must equal N 0 to ensure commercial sterility. This can be 
N, N, 
expressed as 
Jo
t£ 
L dt > mD 8 
In this expression, Lis theL value for the related temperature occur-
ring during the process, lasting from time 0 to tim t{/ m is the 
order of process factor for commercial sterility, and D is the decimal 
reduction time for the spoilage organism under consideration at the 
reference temperature. 
L values can either be taken from tables, or they can be calculated 
from 
L = 10 T- 8 
z 
where T is the related temperature . 
Once the temperature history of the processing of a canned food has 
been plotted, the main spoilage organism identified and it Z value 
found, agraph ofL versu timeofprocessingmaybeplotted through-
out the process. The area beneath this graph must exceed mD for 
commercial sterility. This value has been called the 'equivalent 
time' and is the F value. 
Foods with a pH of 4.5 are generally processed to commercial 
sterility with reference to C. botulinum, the minimum order of 
process factor 'm' being taken a 12. Thus, mD should be 
12 X 0.3 =3.6minat 121 °Cat tbecoldspot.However, in other foods 
there are often spoilage organisms with more heat labile spores than 
C. botulinum (Table 46). 
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Table 46 
Spoilage organism Type of Process D9 z m Typcofp~ 
spoilage temperature (minutes) value n eeding protec . 
(OC) (OC) · t1on ag~mst spoilage b 
this organi 1n }' 
C. botulinum types Putrid swell 121 0.1-0.3 8.0-11.0 12 Low acid £;:;----
AandB pH4.5 
C. sporogenes Putrid swell 121 0.8-1.5 9.0-1 1.0 5 Meats 
B. stearothermophilus Flat sour 121 4.0-5.0 9.5-10.0 5 Vegetables and lll.ilk 
C. thermosaccharo- Hard swell 121 3.0-4.0 7.0-10.5 5 Vegetables 
lyticum 
B. subtilis Hard swell 121 0.4 6.5 6 Milk products 
B. coagulans Acidic 121 0.01-0.07 10.0 5 Foods of pH 
4.2-4.5, e .g., 
tomatoes 
C. pasteurianum Butyric 100 0.1-0.5 8.0 5 Foods of pH 
4.2-4.5, e.g., 
pears 
C. nigrificans Sulphur 2.0-3 .0 Sugars and 
stinkers starch 
Sterilization equipment 
The condensing of steam under pressure is used in most conven-
tional systems to achieve processing temperatures above 100 °C; 
other processing media include gas flames 1 steam and air mixtures 1 
and even hot fluidized sand. 
After the cans have been sealed and placed in the retort (Figure 83) 
steam is admitted and the temperature allowed to rise to 100 °C; 
it is maintained at this temperature until all the air has been flushed 
out. Air pockets left in the retort can lead to localized under-
processing because any cans surrounded by air will be insulated 
against the steam. 
Pressure is applied by closing off the drain and steam exit valves 
while still allowing steam into the retort. Various petcocks are left 
open to allow for the escape of any air which may be admitted with 
the steam. Common processing temperatures are 115.5 oc and 
121 °C. The pressure, and hence the retort temperature, is 
controlled by an automatic steam pressure control valve; this opens 
when the set pressure is exceeded and closes again when the pressure 
falls below that setting. 
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Compressed ;m Vent and overflow 
Steam 
Figure 83. Static vertical retort. 
Source: Simplified from a drawing on page 208 of Food Engineering Operations by J. G. Brennan, 
J. R. Butters, N. D. Cowell and A. E. V. Lilly. 2nd edn. Applied Science Publishers Ltd, 
London . 1976. 
COOLING 
The pressure in the retort is maintained after closing the steam inlet 
valve by admitting compressed air into the retort . If this was not 
done, the high pressure inside the cans would cause them to distort 
outwards (peaking), possibly damaging the integrity of the seams. 
While the retort pressure is being maintained with the compressed 
air, chlorinated cooling water is admitted into the retort. 
The cooling water is chlorinated because at this stage, the sealing 
compound in the double seams is still molten; therefore the vacuum 
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forming in the headspace due to condensing steam could pull drops 
of cooling water through the double seams. If the cooling water 
contained viable micro-organisms, this leakage could lead to 1leaker 
spoilage'. This type of spoilage is by far the most commonly impli-
cated in food poisoning attributed to canned food. Cooling water 
is generally recirculated and dosed automatically with chlorine. A 
residence time of at least 20 minis necessary to allow the chlorine 
to take effect between dosing and utilization for can cooling. The 
free residual chlorine content of the cooling water should be 
measured in the water draining from the retort rather than in that 
entering the retort. Common chlorination levels give 5-20 ppm 
free residual chlorine in the drain water; if chlorination levels are 
too high the cans may corrode. 
As cooling proceeds, the air pressure in the retort needs to be reduced 
because the pressure inside the can falls as the temperature of the 
contents falls, eventually becoming a partial vacuum. If the pressure 
outside the can far exceeds the pressure inside, the can may buckle 
inwards (panelling); this could also damage the can seam. Improper 
or incomplete cooling of the cans leads to 1 stack burn' in which the 
contents of cans stored hot overcook. 
When the cooling process has been completed (the can contents have 
reached a sufficiently low temperature and the retort pressure has 
been reduced to atmospheric), the retort is opened and the wet cans 
are lifted out. It is essential that the wet cans are not handled at this 
stage because there is still a danger of contaminating the can 
contents via a leaking seam. The cans should be conveyed mechani-
cally to a can drier along chlorinated runways before being labelled 
and packed into cases, or shrink wrapped. 
In warm climates, ambient temperatures can encourage the growth 
and multiplication of thermophiles. It is therefore important to 
ensure that the heat process is sufficient to reduce them to 
statistically low levels (e.g.< 1 in 10 2 L or that the temperature at 
which the final product is stored is unfavourable for their growth. 
Storage under conditions of extreme temperature fluctuation can 
cause sweating; this may result in rusting of the exterior of the can 
and is a particular problem in humid conditions. 
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PROCESSING PROCEDURES FOR SOME CANNED FISH 
PRODUCTS 
Sardine canned in the traditional Mediterranean style 
1. Either fresh or thawed frozen sardines are weighed, washed, and 
brined in saturated sodium chloride solution for approximately 
15 min depending on their size and fat content. 
2. The fish are graded and nobbed (removal of heads, viscera and 
tails). They are then cut to standard lengths and brined to achieve 
a salt content of 1-2%. 
3. Next, they are manually or mechanically packed into cans. 
4. Pre-coo.king in steam at 95 oc is followed by drying at 130 °C. 
5. The cans are then filled with brine, sauce, edible oil, marinade 
or water. 
6. The cans are sealed, and excess liquid and fish is washed from 
the outside. 
7. They are then sterilized under pressure in a batch retort using 
steam or recirculated hot water. Pressurization avoids can dis-
tortion. The usual process lasts for 45-60 min at 115.6 oc or 
121 °C. 
8. After sterilization, the cans are pressure-cooled and air-dried 
before packing into cartons. 
Tuna 
1. Fresh or thawed frozen tuna are headed and eviscerated. 
2. The fish are then usually pre-cooked in steam at 100-105 °C 
for 1-8 h depending on their size. 
3. They are then cooled overnight. 
4. If it has not already been done, the head, tail and fins are cut off. 
The skin is taken off and the white and dark meat is removed 
from the frames. The meat is graded according to whether it is 
suitable for a solid, chunk, flake or grated preparation. 
5. The meat is packed into cans either manually or mechanically, 
and the cans are filled with brine, oil, sauce or water. Salt can 
also be added at this stage. 
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6. The cans are seamed. 
7. They are then placed in either batch, crateless or hydrostatic 
retorts for the sterilization process. Table 47 shows retorting 
times and corresponding can sizes. 
Table 47 Retorting times for different can sizes (tuna) 
Can dimensions 
Diam Height 
(mm) (mm) 
66 40 .0 
84 46.5 
99 68.5 
154 118.5 
Retorting time 
115 oc 
(min) 
65 
75 
100 
230 
121.1 °C 
(min) 
40 
55 
85 
190 
8. Following sterilization, the cans are cooled under pressure, air-
dried, labelled and packed. 
Shrimp 
1. Refrigerated or iced shrimp are washed, peeled, graded, deveined 
and washed a second time. 
2. They are then pre-cooked in hot brine or steam at 95 °C-
100 °C for 8-10 min depending on size. 
3. After cooling, drying, inspecting and size grading, the shrimp are 
packed into cans; brine can be added at this stage . The cans are 
then sealed. 
4. Table 48 shows retorting times and temperatures. 
5 . After sterilization, the cans are cooled in chlorinated water, 
labelled and packed. 
Table 48 Retorting times and temperatures for shrimp 
Can dimensions 
Diam Height 
(mm) (mm) 
66 10l.S 
84 63.S 
84 10l.S 
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11S .6 oc 
(min) 
26 
27 
27 
Retorting time 
Wet pack Dry pack 
121.1 oc 
(min) 
14 
1S 
1S 
11S.6 oc 
(min) 
80 
7S 
7S 
121.1 oc 
(min) 
60 
so 
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RETORT ABLE PACKAGING MATERIALS 
Retortable packaging materials allow a food product to be herrneti-
cally sealed inside a container and then thermally processed to make 
it commercially sterile. Metals, glass, plastic laminates, and 
mixtures of plastic and metal laminates, have all been used to safe-
guard against recontamination after processing, and facilitate the 
marketing of the product. 
Metals 
Tin plate is the most widely used material in the manufacture of 
cans. It is made by electrolytically depositing a layer of tin on either 
side of a low carbon mild steel sheet. The tin protects the steel from 
corrosion and gradually dissolves into the surrounding solution. 
Tin free steel (TFS), which is coated with chromium or nickel and 
protective lacquers, is also used. 
Although aluminium alloys lack the chemical resistance of the 
parent metal, they do have hardness properties which make them 
suitable for can manufacture; they are now widely used in the 
canning industry. 
Aluminium alloys have the following advantages: 
• easy fabrication of cans 
• attractive appearance 
• good corrosion resistance 
• easy opening 
• light weight 
• recyclability. 
Disadvantages include high cost, and deformation of the cans during 
thermal processing. 
There are two types of can in common use. The 'three piece' can 
is formed from a rectangular piece of tin plate (body block); the 
vertical seam is soldered or welded. One end of the can is attached 
by the maker and the other by the canner. The second type of can, 
the 'two piece', is made from either tin plate or aluminium, and 
often has a ring pull lid; a circular blank is drawn into a shallow cup 
and then re-drawn to form the can. An advantage of this type of can 
is that it does not have a seam so the risk of leaker spoilage is 
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therefore reduced. It can also be tapered to allow the empty cans to 
be stacked and hence ease transportation and space requirements. 
Glass 
Glass is a retortable packaging material but its use in thermally 
processed fishery products is limited to commodities such as fish 
pastes. 
Plastics and laminates 
The retort pouch is perhaps the best known application of laminate 
packaging .It is a heat-resistant, flexible replacement for the metal 
can, and comprises a laminate of three layers. The outer layer of 
polyester film gives strength and protection and allows for labelling. 
The core, which acts as the barrier to gas, moisture and light, can 
be made from aluminium foil. Polypropy lene is suitable for the inner 
layer which must be heat sealable. 
The three layers are bonded together with high performance adhes-
ives. Retort pouches must be able to withstand temperatures of 
112-125 °C for up to 120 min. They must also be strong enough to 
withstand processing operations and post-process handling. 
The procedure for using retort pouches is as follows. 
1. The pouch is filled with the product. 
2. Excess air is removed and the pouch is heat sealed. 
3. Pouches are loaded on to trays for sterilization. 
4. After retorting, the pouches are rinsed in chlorinated water and 
dried. 
5. Secondary packaging is used to protect the pouches from con-
tamination during storage. 
The retort pouch has the following advantages over the can. 
(a) The large surface area to volume ratio and thin cross section 
allow rapid heat penetration and therefore, shorter process-
ing times . 
(b) There is less overcooking of the product near to the sides of 
the pack. 
(c) The empty pouches save 85% in terms of weight and volume; 
the filled pouches save 10-15%. 
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(d) Reheating the pouches in hot water is easy and safe. 
(e) Packs are easily opened and disposed of after use. 
It also has these disadvantages. 
(a) The processing operation is slower and can be more labour 
intensive. 
(b) A very high standard of quality control is required. 
(c) Secondary packaging is required for protection during post-
processing handling. 
(d) The final product can be expensive because of these added 
precautions. 
SPECIAL PROBLEMS RELATED TO FISH CANNING 
Can lacquers 
Fish proteins, and particularly those of crustaceans and shellfish, 
are rich in sulphur amino acids which, on heat processing, release 
hydrogen sulphide. This can react with the iron in the tin plate to 
produce black ferrous sulphide (1 sulphur staining'). To avoid these 
unsightly black deposits, a special lacquer incorporating zinc oxide 
or zinc carbonate is used to coat the internal can walls . The hydro-
gen sulphide then reacts preferentially with the zinc oxide or 
carbonate to produce white zinc sulphide which remains embedded 
in the lacquer; an attractive internal appearance is therefore 
maintained. 
Struvite 
In some canned fish products, glass-like crystals of calcium struvite 
may form during storage. These are responsible for complaints of 
'foreign bodies' in canned fish. They may be avoided by the addi-
tion of small amounts of citric acid to the product prior to filling 
and processing; the citric acid uses up the available calcium ions 
and prevents them from forming calcium struvite. 
In conclusion, although canning results in a product with a long 
shelf-life which, in the case of some oily fish such as sardines and 
pilchard, improves with keeping, setting up a commercial canning 
operation involves extremely high capital expenditure. The method 
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of hand packing the fish into cans also makes the operation highly 
labour intensive. 
The canning line should be designed with the retorts, can driers 
I 
and labelling and packing sections well away from the raw fish 
handling sections; this is because of the danger of leaker 
contamination. 
Regular quality inspection of raw materials, can seams and cooling 
water chlorination levels, is essential. It is also normal practice in 
quality control to hold back samples of cans from each retort batch 
for incubation tests. This means that canned products should incor-
porate some way of identifying their production batch. 
In general, good quality canned fish products come from good 
quality, clean fish. White flesh fish do not usually make good canned 
products, whatever their quality, because the heat process results 
in a dry, discoloured product which falls apart. 
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26. FREEZE DRYING 
The boiling point of water depends on pressure. At atmospheric 
pressure of 1 bar (1 x 10 5 Pa), it boils at 100 °C. 
If water is held in a sealed container in which a vacuum can be 
drawn, the lower the pressure or the better the vacuum, the lower 
the temperature at which the water boils, but the higher the heat 
requirement to evaporate 1 kg of water (Table 49). 
Table 49 Evaporation of water at different temperatures and 
pressures 
Pressure (bar) 
1.0 
0.5 
0.2 
0.1 
0.01 
Temperature (0 C) 
100 
81 
60 
46 
7 
Latent heat of vaporization (kJ /kg) 
2257 
2305 
2358 
2392 
2485 
At a pressure of about 0.006 bars, the boiling point of water is 0 °C. 
The latent heat would be 2500 kJ /kg but, in evaporating, the water 
would take some of the heat from itself causing the remainder to 
freeze (this releases 334 kJ /kg) and leaving ice at 0 °C. If the vacuum 
is maintained at about 0. 006 bars, the ice will sublime, i.e., not melt 
but go straight to water vapour. As long as heat is available, the latent 
heat of sublimation at 0 oc is 2834 kJ/kg. 
In the same way that the boiling point is depressed by improving 
the vacuum, taking the pressure below 0.006 bars will depress the 
sublimation temperature below 0 oc (Table 50). 
Table 50 Sublimation at different temperatures and pressures 
Pressure (bar) 
0.0060 
0.0026 
0.0010 
0.0004 
0.0001 
Temperature (0 C) 
0 
- 10 
- 20 
- 30 
- 40 
Latent heat of sublimation (kJ/kG) 
2834 
2836 
2837 
2838 
2838 
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When a pot of water is heated at atmospheric pressure, it will boil 
at 100 °C whatever the temperature of the flame. In the same way, 
ice at a pressure of0.0001 bar will sublime at -40 °C as long as the 
water vapour can escape, whatever the temperature of the source 
of heat . If the water vapour cannot escape, the pressure will quickly 
increase and the sublimation temperature will rise in proportion 
until, at a pressure of 0.006 bars, the ice will start to melt. 
THE PROCESS OF FREEZE DRYING 
Developing the above principles fTeeze drying food products involves 
the following steps. 
1. Food is placed in a chamber which is then sealed. A vacuum is 
drawn so that the pressure is well below 0.006 bars (probably 
below 0 .001 bars). 
2. The temperature of the food is above the sublimation tempera-
ture so in cooling down and freezing, it supplies some heat for 
water to evaporate and then sublime (this is the same as evapora-
tive cooling) . 
3. Once the food is at the sublimation temperature which corres-
ponds with the pressure, heat is supplied to the food to provide 
the latent heat of sublimation. The frozen water then sublimes 
to water vapour. 
4. The water vapour is drawn out of the chamber by the vacuum 
system. This maintains the low pressure in the chamber until . 
all the frozen water has sublimed to leave the dried food. 
The dried food does not need to be stored under refTigeration as it 
contains no water and therefore does not need to be kept frozen in 
order to prevent microbial growth. The dried food does, however, 
need to be well packed, probably in aluminium foil laminates, to 
prevent it from readsorbing moisture from the air. It may be packed 
in a vacuum or inert gas to prevent rapid oxidative deterioration. 
If the food has previously been fTozen, the second stage of the process 
does not apply. 
Advantages 
(a) There is no product shrinkage as freezing effectively fixes the 
shape. 
314 
Freeze Drying 
(b) There is no case hardening as there is no water movement to 
carry solubles to the surface; the ice directly sublimes from 
within the food as the drying front penetrates. 
(c) There is no thermal damage because there are no high tem-
peratures to cause loss of flavour or development of 'burnt' 
flavours. 
(d) The products rehydrate rapidly because a very open texture 
is obtained. 
Disadvantages 
The disadvantages all relate to the economy of the process and the 
storage and distribution of the end product. 
Primary cost 
(a) The equipment is sophisticated and expensive. 
(b) The chamber (which is required by any mechanical drying 
method) has to be very strong because it must be capable of 
withstanding the pressure differences. The seals on the door 
must be airtight to ensure that low pressures are easily 
maintained. 
(c) The low pressure required necessitates sophisticated vacuum 
equipment, steam ejectors and/orheavydutypistonpumps. 
If the latter are used, a vapour removal system is required 
between chamber and pumps. 
(d) Some system is required to provide heat to the food during 
the drying process. 
(e) To maximize the capacity of the system, it may be desirable 
to freeze the product before drawing a vacuum, either within 
the chamber or in a separate process. 
Operating costs 
(a) In addition to the energy of evaporation (which is required by 
all drying processes), energy is needed both to develop and 
maintain the vacuum, and for any refrigeration facility (topre-
freeze, and to re-condense vapour to stop it getting through 
to a piston vacuum pump). 
(b) A high level of competence is required in operators and service 
engineers and so there is a relatively high labour cost. 
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(c) The technology is advanced which means that repair and 
maintenance costs (spares) are high compared to more con-
ventional drying systems. 
(d) It is a batch process so there are periods of loading/unloading 
when equipment is unoperational. 
End product 
(a) The lack of shrinkage and case hardening associated with a 
very low moisture content means that freeze dried foods are 
very brittle, they therefore need to be protected by rigid 
packaging. 
(b) The open structure and low water content mean that freeze 
dried foods are very vulnerable to oxidative deterioration. Gas 
tight packaging associated with inert gas purging is often 
adopted. Expensive packaging is the norm. 
The high prime and operating costs mean that this process is only 
suitable for high value foods which can carry a high production cost. 
However, the consumer expects good quality from high cost goods. 
ACCELERATED FREEZE DRYING (AFD) 
Although freeze drying takes no longer, and is often faster, than more 
conventional systems, attempts have been made to accelerate the 
process in order to reduce production costs and increase the capacity 
of the process. The limiting factor is the transference of heat to the 
foodi convection is impossible in a vacuum. Therefore, radiant heat, 
which is a relatively inefficient method, is used. 
A technique for accelerating the drying of slabs of food, or relatively 
uniform particles of food (e.g. whole prawns), has been developed 
and adopted commercially. The food is arranged in single layers 
between expanded metal mesh, held in a tray, and covered by a sheet 
of stainless steel or aluminium (Figure 84). This sandwich is placed 
between hollow plates in the chamber (Figure 85). 
Once the chamber has reached the required pressure and the food 
is at the sublimation temperature, fluid contained within the hollow 
plates is heated to a temperature between 60 and 100 °C. The heat 
is conducted rapidly through the metal sheets/trays and mesh to 
the food surface, allowing rapid sublimation. The mesh is important 
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Figure 84. Food and metal grid arrangement for AFD process. 
Vacuum~ 
Hollow plates 
Figure 85. Arrangement of food in chamber for AFD process. 
because the water vapour is allowed to escape into the chamber; this 
would not be possible if the food was in contact with a continuous 
metal surface. If the water vapour could not escape, the pressure at 
the food surface would increase and the food would melt. 
As the sublimation front penetrates the food, pressure is applied to 
the plates (generally by a hydraulic ram as indicated in Figure 85) 
up to a maximum force of about 8lb/in2 ; this causes the mesh to 
penetrate the surface of the food, giving more direct heat conduc-
tion to the sublimation front . Simultaneously, the temperature of 
the heating material is reduced as after sublimation, the surface 
temperature of the food will be the same as the heat source. 
Care must be taken to avoid forcing the mesh beyond the sublima-
tionfront because this will cause thawing at the centre. Similarly, 
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this process cannot be used for foods containing bone, cartilage or 
substantial fatty tissue, all of which will conduct heat beyond the 
sublimation point and result in thawing. 
If the fat is distributed more evenly, as in fatty fish, a lower tem-
perature is usedi in other products, the risk of mechanical damage 
limits the pressure which can be applied to the plates. 
AFD may halve the process time associated with freeze drying (from 
10-12 h to 6-7 h but depends on the thickness of the food, accep-
able temperatures and plate pressures. Attempts are currently being 
made to accelerate heat transfer further. 
Investigations have indicated that freeze dried prawns are often 
superior to those frozen individually using liquid nitrogen, and they 
are always superior to those frozen by other techniques. However, 
production costs are higher. For fin fish, the production cost is too 
high unless weight and reconstitutability outweigh all other con-
siderations. The end product has to be cooked during or after 
rehydration, and water retention has been reported to be poor. 
In conclusion, it can be said that freeze drying andAFD are processes 
which have high capital, running and maintenance costs and are, 
therefore, limited to high cost and speciality foods. However, when 
used for such products, superior quality goods are obtained if the 
process is carefully controlled. 
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Irradiation is a physical method of food preservation which involves 
exposing the food to ionizing radiation. Ionizing radiation forms part 
of the electromagnetic spectrum and its most familiar form is the 
X-ray. 
When ionizing radiation is applied to food, the major effect is the 
splitting of water molecules to yield free radicals and hydrogen 
peroxide. Free radicals are the highly reactive chemical species from 
which the useful effects of irradiation originate. They do not persist 
in aqueous systems but rapidly recombine. In foods, they only 
persist in hard and bony materials such as the shells of shellfish, 
and this persistence has been used as the basis for a detection method 
(see below) . In general, the site most sensitive to irradiation is DNA, 
and modifications to the DNA of bacteria can result in death or the 
inability to reproduce. Therefore, food pathogens and food spoilage 
organisms can be destroyed by irradiation. Parasites and insects can 
also be killed at very low doses . Generally speaking, the larger the 
organism, the lower the dose of irradiation required to destroy it. 
· Irradiation can therefore be used to improve food safety, extend 
shelf-life, and minimize losses. 
The effects of irradiation can be demonstrated easily, but the process 
should not be used to compromise standards of hygiene in food 
processing industries. 
SOURCES OF IONIZING RADIATION 
The two main sources of ionizing radiation commonly used for food 
preservation are gamma ray and accelerated electron beam 
irradiation. 
Cobalt 60 (6 °Co) and caesium 137 (1 37 Cs) are both man-made, 
gamma-ray emitting materials. Cobalt 60 is the more impor tantfor 
food irradiation systems. Gamma rays have strong penetrative 
power and are consequently u sed to treat bulk items such as sacks 
of food . Figure 86 shows the layout of a typical gamma irradiation 
facility. 
319 
Irradiation of Seafood 
Sh1eld1ng wmdow 
Rad1oact1ve sou rce, --b-s.7'H--+-+ 
storage well 
Shtelding concrete 
Figure 86. Typical layout of irradiation plant using cobalt 60. 
Accelerated electron beam irradiation, i.e., beta irradiation, is 
machine produced. It has a poor penetrative power so its use is 
restricted to the irradiation of thin layers of food. However, electron 
beam accelerators can be switched off so their management is easier 
to control. Electron beam irradiation also has the further advantage 
of being quicker than gamma irradiation. 
A third source of ionizing radiation is the X-ray. X-rays are formed 
by conversion from electron beams. This conversion is, however, 
inefficient so this method is currently uneconomic . In principle, 
X-rays combine the switch on-switch off and speed advantages of 
the electron beam source 'with the penetrating power of gamma rays . 
MEASUREMENT OF RADIATION ENERGY 
The energy of all types of radiation is measured in electron volts, 
eV, or more normally, MeV (10 6 eV): 
1 e V = 1. 6 x 10- 1 2 erg 
1 Joule = 1 x 106 erg 
The SI unit used for the measurement of radiation dose is the gray 
( Gy J. A dose of 1 Gy is the absorption of 1 J of energy per kg of food: 
1 Gray = 1 J/kg 
1 kGy = 1000 Gy 
The units previously used to measure irradiation dose were rads : 
1 rad = 0.01 Gy 
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IRRADIATION OF FISH AND SHELLFISH 
There are three main reasons why fish or shellfish might be 
irradiated. 
1. Disinfestation At doses up to 1 kGy, insects infesting dried fish 
can be destroyed. It is essential that the food is appropriately 
packaged to prevent reinfestation. Parasites can also be destroyed 
at very low doses. These are of concern in farmed freshwater fish 
which are eaten raw. In contrast to chemical pesticides, irradia-
tion leaves no toxic residues. 
2. Extension of storage life At doses of approximately 2 kGy, the 
numbers of food spoilage organisms can be significantly reduced 
to extend shelf-life. 
3. Destruction of food pathogens At doses between 2 and 5 kGy, 
food pathogens such as Salmonella sp. and Listeria sp. can be 
destroyed. It should be noted, however, that these doses would 
not eliminate bacterial spores. The higher doses are required for 
the treatment of frozen foods. This is because the effect of irra-
diation is dependent on the availability of free water and water 
bound as ice is less easily split to yield free radicals. 
Irradiation can therefore reduce food losses and so allow for market 
expansion, but at the doses commonly used, it effectively pasteur-
izes the food. It is therefore necessary to store the treated food as 
a perishable item to prevent the remaining micro-organisms from 
multiplying and negating the benefits of irradiation. 
Foods can be irradiated within their final packaging as the process 
generates very little heat. This minimizes the chance of 
recontamination. 
It is essential that the food to be irradiated should not fall below the 
accepted hygienic requirements for other preservation methods. 
Food irradiation premises should be under strict control and adhere 
to the highest hygiene standards and practices. 
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THE EFFECTS OF IRRADIATION ON FOOD 
Disinfestation 
Irradiation is suitable for controlling insect infestations in dried fish. 
In dried fish with a moisture content of 20% or below, a dose of 
0.15 kGy can prevent insect larvae from developing into adults; at 
0.25 kGy, the larvae survive but stop feeding. For moisture levels 
of 20-40%, a minimum dose of 0.5 kGy is recommended to 
control damage by flies and beetles. Halophilic bacteria and moulds 
are not controlled at these doses. 
hiicro-organis~s 
The anti-microbial effects of different doses of irradiation have been 
termed 'radapperization', 'radurization' and 'radicidation'. 
1. Radapperization This refers to irradiation at doses up to 50 kGy. 
Although the food is effectively sterilized at this dosage level, 
undesirable changes in flavour and texture can also occur; the 
higher the dose the greater the changes. 
2. Radurization This refers to doses up to 10 kGy but mainly in 
the range 1-5 kGy. These doses will extend shelf-life. 
3. Radicidation This refers to doses of between 5 and 8 kGywhich 
destroy non-spore forming organisms; useful reductions in count 
can also be achieved at lower doses (2 kGy). 
The limiting doses ofradiation for various food pathogens are shown 
in Table 51. Moulds are also inactivated at these doses. 
Table 51 Limiting doses of radiation for various pathogens 
Dose Pathogen 
1-2.5 kGy Shigella, enteropathogenic E. coli, Proteus 
vulgaris 
3-5 kGy Streptococcus faecalis, S. pyogenes, 
Staphylococcus 'tlureus, Salmonella typhosa, 
S. paratyphi B, S. wichita, S. choleranius 
As some of the native flora of the food is also destroyed, the subse-
quent patterns of spoilage might differ from those observed in non-
irradiated samples. Also, as enzymes are not inactivated by irra-
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diation, enzyme-linked spoilage may predominate. Consumers may 
have become familiar with the flavour and odour of slightly spoiled 
or fermented productsi destruction of the bacterial flora may remove 
these flavours and odours and the product may therefore be less 
acceptable. 
Bacteria will be killed at the recommended doses of 2-5 kGy but 
bacterial spores will only be eliminated at doses in excess of 25 kGy. 
Consequently, the spores of Clostridium botulinum which causes 
the potentially lethal food-borne illness, botulism, will survive. C. 
botulinum type E is common in temperate waters but little informa-
tion is available regarding its presence in tropical waters. Foods 
which are potential carriers of C. botulinum should be stored below 
3.3 oc following irradiation because at this temperature the organ-
ism is able to produce toxin. It has been suggested that killing the 
non-spore-forming, food spoilage organisms by irradiation reduces 
the competition for growth of C. botulinumi this may increase its 
post-irradiation multiplication without the warning signs normally 
associated with spoilage. 
Post-irradiation bacterial counts will depend not only on the dose 
used, but also on the pre-irradiation level of contamination. The 
larger the pre-irradiation load, the higher the post-irradiation load. 
This is one reason why good, hygienic pre-processing practices 
should always be applied to the fish and other foodstuffs destined 
for irradiation. 
Counts of common fish spoilage organisms such as Pseudomonas 
sp., Lactobacillus sp. and Shewanella putrefaciens, are considerably 
reduced by irradiation and this results in a longer shelf-life. Although 
results will vary with species etc., a 100% increase in maximum 
shelf-life has been reported for cod irradiated at 2 kGy and stored 
at 4 °C. Irradiation pre-rigor gives better results, probably because 
the fish are fresher. It has been suggested that application of0 .5 kGy 
on board ship and 1.5 kGy on shore after three to seven days of 
storage on ice, may also extend shelf-life. 
Shrimp irradiated at 1.5 kGy and held on ice had a shelf-life of 
14-17 days compared with seven days in non-irradiated controls. 
Similarly, salted and boiled chub mackerel irradiated to 2 kGy and 
then held at ambient temperature (about 30 oq, were reported to 
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have a shelf-life of 15 days compared to only three days in the control. 
A comparable extension in shelf-life (21 days) was reported for 
Bombay duck irradiated to 4 kGy and then held at 10-12 oci the 
control had a shelf-life of only three days. 
Nutrition 
Proteins and amino acids can be affected by irradiation but not 
usually to the extent that they lose nutritional value. For example, 
irradiation of cod and mackerel at doses up to 45 kGy causes no 
change in the Biological Value (BV) orNetProtein Utilization (NPUJ 
of the fish protein. Some vitamins, e.g. A, E, K and thiamine, are 
radiation-sensitivei thiamine is known to be destroyed at doses 
above 6 kGy. Other vitamins, e.g. riboflavin, niacin and vitamin 
Dare relatively insensitive. Conflicting results have been reported 
for vitamin C, but fish are not an important source of this vitamin. 
At doses up to 1 kGy, nutrient loss is insignificant but at doses 
between 1 and 10 kGy, some losses may occur. Doses in excess of 
10 kGy can result in significant losses but these doses are not usually 
used for the treatment of foods . Irradiating in the absence of air, or 
at low temperatures, can minimize losses. 
Organoleptic changes 
The changes in flavour, odour, texture and appearance of irradia-
ted foods are small compared to those brought about by heat treat-
ment. Products generally maintain a fresh quality. This causes 
concern among some people because it is difficult to determine 
whether a product has been treated or not. Irradiation can, however, 
bring about undesirable organoleptic changes, so the dose applied 
to a food must often be a compromise between achieving the desired 
anti-microbial effect and maintaining an acceptable organoleptic 
quality. In particular, free radicals can initiate the auto-oxidation 
chain reaction which leads to rancidity. This could be of particular 
concern in fatty fish which contain highly unsaturated oils. 
Polyunsaturated oils are especially prone to oxidative rancidity, but 
irradiating in the absence of air, or at low temperatures, can 
minimize its development. 
Other reported flavour changes include an increased 'fishy' flavour 
in irradiated prawns. This is possibly the result of lneakdown of the 
trimethylamine oxide (TMAO) to dimethylamine (DMA). Some 
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consumers perceive this effect as desirable, while others dislike the 
more intense flavour. The flavour is reported to decline on storage. 
off-flavours have also been recorded in tuna irradiated to more than 
2kGy. 
Fat-based pigments can bleach when irradiated. Other colour 
changes include an increase in the red coloration of the flesh of silver 
carp irradiated to 1 kGy for the elimination of parasites. 
Some changes are not immediately apparent, but take place during 
subsequent storage. In Bangladesh, freshwater carp irradiated at 
2.0-2.5 kGy had a shelf-life of 8-10 days compared with one day 
for the untreated control. During storage, the volatile acid number 
(V AN) was found to be a better chemical index of quality than either 
TMA or total volatile bases (TVB) nitrogen. 
Similar findings have been reported from the Philippines. The V AN 
increased during storage in dried alakaok (plain croaker) and bisugo 
(ribbon-finned nemipterid) irradiated at 0.5 kGy, alumahan (striped 
mackerel) and banak (long-finned mullet) irradiated to 1 kGy, and 
hibe (shrimp) irradiated to 3 kGy; it increased at both 6 and 30 °C. 
However, TVB and TMA contents did not change after irradiation. 
Shrimp irradiated to 2 kGy had less than 3 ppm carbonyls imme-
diately after irradiation and this value remained almost constant 
during 28 days of storage. The initial level in the control was similar, 
but it increased more rapidly and the shrimp were considered to be 
spoiled after 21 days . Incipient spoilage corresponded to 5 ppm. 
Generally, irradiated samples show no increase in TMA or TVB 
during storage, probably because the bacteria capable of producing 
these substances have been destroyed. 
ECONOMICS OF FOOD IRRADIATION 
Before irradiation technology can be successfully introduced, some 
basic criteria need to be considered. 
(a) The infrastructure of the country must be capable of support-
ing the process. In particular, if food has to be transported to 
a central irradiation plant, it should be possible to transport 
it without the risk of spoilage in transit. 
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(b) Skilled manpower will be required to operate and maintain 
the facility . 
(c) The site of the facility must be carefully chosen, especially 
if decentralized production and transportation is involved. 
(d) The process requires the application and enforcement of 
appropriate regulatory and safety standards. 
The return on investment from an irradiation facility will reflect 
the quantity of product treated, the efficiency of the irradiator, the 
processing rate, and the size of the irradiation source. 
Some of the major capital costs of an irradiation facility are 
• the radiation source 
• the building (to include suitable screening) 
• equipment 
• planning and design fees. 
Operating and running costs include the maintenance of the radia-
tion source, labour costs, depreciation of equipment, maintenance, 
and interest on investment costs . 
LEGISLATION 
Government attitudes towards irradiation differ. Some of the coun-
tries which currently permit the use of irradiation for the treatment 
of fish or shellfish are listed in Table 52 but this number is expected 
to increase. The reader is advised to obtain copies of the legislation 
appropriate to his own country, or to the country to which a food 
is to be exported. Different countries may have different regulations 
for permitted dose, handling offoods, and labelling requirements 
for irradiated products, for example. 
In order to facilitate international trade and create international 
standards, the FAO/WHO have drawn up a Codex General Standard 
for Irradiated Foods. This provides guidelines for the choice of 
radiation source, the facilities required, the control of the irradiation 
process, technological requirements, re-irradiation and labelling. 
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Table 52 Some countries which have cleared the use of irradiation 
for fish and shellfish for human consumption 
Country Reason for irradiation Product Dose (kGy) 
Bangladesh shelf-life extension 
decon tarnina tion 
insect disinfestation 
fish up to 2.2 
Brazil shelf-life extension 
decontamination 
insect disinfestation 
fish up to 2.2 
Chile shelf-life extension fish up to 2.2 
Netherlands decontamination frozen shrimp max 7.0 
frozen fish max 6.0 
shelf-life extension boiled and cooled shrimp max 1.0 
Thailand disinfestation fish and fish 1.0 
reduction of microbial load products 2.2 
The FAO /WHO Recommended International Code of Practice for 
the Operation of Irradiation Facilities includes guidelines for plant 
design, radiation processing and inventory control. 
A maximum dose of 10 kGy for any foodstuff is recommended by 
the Joint FAO/IAEA/WHO Expert Committee. 
DETECTION OF IRRADIATED FOODS 
If the process is to be properly regulated, it must be possible to detect 
whether or not a food has been irradiated. There is, however, no 
universally applicable method currently available for use by port 
authorities, for example. No chemical method has proved effective 
as none of the chemicals produced as a consequence of irradiation 
has been found to be unique to that process. However, a method is 
currently being researched which is claimed to be able to determine 
whether or not shellfish have been irradiated and at what dosei it 
can also determine whether foods have been irradiated some time 
after their treatment. The method is called electron spin resonance 
and involves measuring the free radicals bound in fragments of shell. 
It is also said to be effective for chicken, using fragments of chicken 
bone. 
USE OF ULTRAVIOLET(UV) IRRADIATION 
UV light of wavelength 2000-2950 A. is generally permitted for irra-
diation. However, as it has very poor penetrative power it is restric-
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ted mainly to the treatment of surfaces (e.g. packaging) and rela-
tively transparent liquids. 
UV only has a bactericidal action; it has no lethal effect on spores. 
its main application in fisheries is for the purification of the water 
used to cleanse oysters or clean processing plants. 
THE FUTURE FOR IRRADIATION 
To a large extent the future for irradiation depends on consumer 
acceptance of the technology. At the moment there is strong 
resistance to the process in some countries, probably because of the 
mistaken association between irradiation and radiation. Most 
consumers accept the process if there is a choice between irradia-
ted and non-irradiated produce, but although there is no way of 
confirming that a food has been treated, there is concern that pro-
ducers will not label irradiated foods as such. Improved consumer 
confidence can only be achieved by laying down and visibly 
enforcing strict regulations to govern the process. 
In principle, irradiation offers a means of producing a high quality 
product with extended shelf-life and improved safety, but ifthe con-
sumer will not accept the product, the benefits will not be realized. 
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28. BY-PRODUCTS AND 
MISCELLANEOUS PRODUCTS 
In this chapter, the production of different food and non-food items 
from animals and plants of aquatic origin is briefly described. Some 
constitute valuable by-products for other industries (e.g. shark fins 
and leathers, chitin and chitosan); others form the bases of indus-
tries in their own right . More details can be found in the publica-
tions at the end of the chapter. 
SEA CUCUMBERS OR BECHE-DE-MER 
Sea cucumbers, also known as sea slugs or beche-de-mer, belong to 
the group of marine organisms called the holothurians. Most are 
found in shallow marine waters but some species can occur at depths 
down to 50 m. They vary between species in size and colour and their 
market value depends primarily on species, size, and thickness of 
the body wall. The Holothuria consists of over 650 species but only 
about ten have any commercial value. The beche-de-mer which are 
marketed coTnmercially must be large and the more valuable species 
must also have a thick body wall. Some of the more commercially 
exploited species include 
white teat fish (Microthele fuscogilva) 
black teat fish (Microthele nobilis) 
sand fish (Metriatyla scabra) 
black fish (Actinopyga sp.) 
deep water red fish Actinopyga echinites) 
prickley red fish (Thelenota ananas) 
surf fish (Actinopyga mauritiana) 
Sea cucumber is highly valued as a delicacy by the ethnic Chinese 
in most southeast Asian countries. It also provides an imp'ortant 
source of income for many fishermen in the Indo-Pacific area. 
Basic processing consists of removing the viscera, cleaning the gut 
cavity, boiling for up to 2 hand then cleaning again. Teat fish are 
processed by boiling until swelling occurs, slitting the body wall, 
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boiling again and then eviscerating. They are dried either by 
smoking, by drying the body wall under the sun, or by both . 
Improper drying facilitates attack by mould and bacteria during 
storage and distribution. 
The main markets for beche-de-mer are the countries of the Far East, 
particularly Hong Kong and Singapore, and other countries with 
ethnic Chinese communities. The major producers/exporters are 
the Philippines, Indonesia, Japan and East Africa. 
SHARK FINS 
The fins constitute one of the most valuable parts of a shark and fetch 
a high price in speciality markets. As the fins are used by the shark 
only for balance, they have no muscle tissue, only soft collagen and 
elastin fibres. These fibres are known as fin needles and are highly 
prized by Chinese ethnic groups for making shark fin soup and other 
dishes. The quality and quantity of a shark's fin needles are there-
fore very important and the best prices are obtained for complete 
sets of fins from single fish. 
If possible, the fins should be cut from the shark as soon as it is 
caught and retained whole with little or no meat adhering to them. 
If they are to be sold within a few days, they are usually washed with 
sea water and stored in ice. If they cannot be sold fresh, they can 
either be frozen, or cleaned in a 3% brine solution or clean sea water 
and sun-dried for two to three weeks. Further processing may be 
needed to reduce shipping costs and conform to buyers require-
ments. This may include removing the skin, removing the cartila-
ginous bone, and separating the rays for subsequent freezing or 
drying. 
Sets of raw, unprocessed fresh fins (wetfins) are graded as follows. 
(a) Top Grade Hammerhead (Sphyrna spp.) 
Mako shark (Isurus spp.) 
Blue shark (Prionace spp.) 
(b) Grade 1 White shark (Carcharodon spp.) 
Thresher shark (Alopias spp .) 
(c) Grade 2 White tipped shark (Carcharhinus spp.) 
Tiger shark (Galeocerdo spp.) 
(d) Grade 3 Smaller sharks 
331 
By-Products and Miscellaneous Products 
Under this system, fins are classified first according to species and 
then by size within a species. The second dorsal, ventral and anal 
fins, and the fins from small sharks, are sold as mixed fins after full 
processing rather than sets . 
Most traders prefer to buy raw shark fins and process them them-
selves. Generally, they prefer sun-dried fins to those mechanically 
dried, and white fins to black fins . Traditionally, fins are sold in sets 
and are graded either by species or by colour of the shark skin, i.e., 
black or white. They are graded further by subjective assessment 
ofthesize, dryness, smellandmethodofcutting. More systematic 
procedures are beginn ing to be used by some importers and large 
processing factories; these include standardizing the methods of 
measurement such as t he length along the curve of the longest side 
of the fin, or the length as measured from the centre of the base to 
the tip of the fin. 
The commercial value of a shark fin is determined by the type and 
quantity of the fin needles and is therefore very species dependent . 
The sharks in the higher grades are considered to be of better quality 
with more fin needles so they fetch a better price. The following fins 
have no commercial value . 
(a) The upper lobe of the tail of all sharks. 
(b) All fins of the nurse shark (Ginglymostoma cirratum) . 
(c) The pectoral fins of the saw shark (Pristiophorus spp.) 
It must be remembered that customers willing to pay high prices 
for shark fins are very conscious of quality, processing methods and 
appearance of the final product. 
SWIM BLADDERS 
Swim bladders are also known as air bladders, sounds and fish maws. 
In China, dried bladders have long been an edible luxury and are used 
in the preparation of foods including soups. The principal market, 
however, is for isinglass which is used to clarify wines and beers. 
This is derived from the swim bladders of several species of fish 
including sciaenids (jewfish), polynemids (threadfins), catfish, 
sturgeon, Lates spp. and carp. 
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Isinglass is one of the purest forms of collagen. It becomes gelatin 
when heated with water. Swim bladders are removed from the fish 
and washed to remove blood and pieces of flesh. They are preserved 
by salting or sun-drying. On arrival at the processing plant, the swim 
bladders are soaked in water for 4-6 h until they become soft and 
pliable . They are then cut into small pieces, rolled or compressed 
between hollow iron rollers to form thin sheets or rib bans, and dried. 
When dried, the bladder weighs approximately 20-30% of its 
weight wet and the resulting isinglass is a very pure fish gelatin. 
FISH CRACKERS 
Fish crisps, shrimp crackers, krupuk in Indonesia, andkeropok in 
Malaysia, are low density, porous products produced by gelatiniza-
tion of starch with water, and rupture of the starch cells by frying 
in oil. Water and flour are combined to form a dough which is 
shaped, cooked, dried, and then fried in oil. Fish, shrimp or other 
food stuffs are added to the dough. 
In Thailand, the product is made from fish, and in Indonesia, it is 
known as krupuk udang or shrimp krupuk. The krupuk industry 
is concentrated in East Java. 
Although either shrimp or fish can be used, crackers made from 
white shrimp are most popular. The fish material should be 
absolutely fresh. Tapioca or sago flour, sugar, monosodium gluta-
mate, eggs and salt can all be added and mixed with the fish. 
The following is the list of ingredients for one krupuk/ keropok 
recipe: 
• shrimp meat 100 kg 
• tapioca flour 100 kg 
• sugar 0.2 kg 
• salt 5 kg 
• eggs 100 kg 
• water 25 litres . 
The fish or shrimp are mixed with the tapioca flour in varying pro-
portions, depending on the quality of the product desired; the best 
quality contains equal quantities of shrimp and tapioca. Lower grade 
products contain much less shrimp; they may contain as little as 
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one part shrimp to 10 parts tapioca. The mixture is either pounded 
with wooden poles in a stone mortar for 1-2 h, or mixed mechani-
cally. Machine mixing is not favoured in Indonesia because the 
product develops a slightly darker colour. However, mechanical 
mixing does produce a more homogenous dough . During pounding 
or mixing, the other ingredients are added. After the water has been 
added and the mixing is complete, the material forms a paste. This 
paste is put into metal moulds shaped like half cylinders and the 
filled moulds are placed in racks in a boiler containing some water. 
The moulds are steamed but not immersed in the water. Proper 
cooking at this stage results in superior rupturing of starch cells 
during frying, and greater expansion of the final product. The steam 
gelatinizes the starch and coagulates the proteins of the shrimp 
meat. Steaming continues for about 3 h. 
After steaming, the moulds are removed and the blocks of cooked 
fish/tapioca dough allowed to cool for 2-4 h. When cooled they 
are sliced in a machine to a thickness of 4-7 mm, and the slices 
dried in the sun. The product is packed in paper cartons of.different 
sizes depending on consumer requirements. 
Fish crackers are eaten as a snack or as a side dish in Indonesian, 
Chinese and Thai cookery. 
The slices are fried in oil to produce krupuk. Frying makes the slice 
expand and the increase in size is an indication of quality. Low linear 
expansion results from poor mixing, uneven slicing and poor drying. 
Linear expansion is a measure of texture quality and can be found 
from the equation 
linear expansion = length after frying - length before frying x 100 
length before frying 
It is measured as a percentagei the higher the percentage the better 
the texture or the better the expansion properties of the mixture. 
The following is an improved method of processing keropok devised 
by the Department of Food Technology, University Pertanian 
Malaysia . 
1. Fresh fish is mixed with flour . 
2. 2% salt, 1% sugar and 25-35% water is added. 
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3 . The ingredients are mixed mechanically. 
4 . The mixture is stuffed into moulds mechanically. 
5 . The moulds are steamed for 60-90 min. 
6. The moulds are cooled in iced water. 
7. The product is chilled overnight at 5-10 °C. 
8. The product is sliced mechanically. 
9 . The slices are dried in an oven under controlled conditions. 
10. The product is packaged for later frying and re-packaging. 
This method was an attempt to reduce some of the problems asso-
ciated with traditional1 unmechanized keropok production. The 
main problems are inconsistency in size 1 shape 1 thickness 1 expan-
sion properties and moisture content of the final product . 
An improvement in quality has been achieved by adding fish protein 
hydrolysates to fish crackers. Sensory evaluation of these crackers 
suggested enhanced crispness 1 colour and overall appearance. They 
also contain more protein and less fat. 
FISH LIVER OILS 
Fish liver oils used to be the most important source of vitamins A 
and D 1 but as vitamin A can now be manufactured synthetically and 
cheaply1 interest in their production in western countries has 
declined to some extent. Vitamin oil production could be of interest 
to developing countries in which any manufacturing process using 
local materials could reduce the dependence on foreign exchange1 
but unfortunately1 cod and halibut1 the two most important sources 
of vitamins in the past1 ·are cold water species. However, some 
tropical species also possess livers rich in vitamins and these may 
represent an under-exploited resource of considerable nutritional 
significance . 
Obvious sources of vitamin oil might be the various tunas and allied 
species, and some of the sharks. Tuna livers are small in relation 
to the total body, but the oils contain relatively large quantities of 
vitamins A and D. The vitamin contents of sharks' livers vary 
greatlyi some species, such as the soupfin and hammerhead sharks, 
have high liver oil vitamin contents, whereas in others, such as the 
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tiger, dusky and leopard sharks, the vitamin content is poor. In some 
situations it would be difficult to obtain tuna livers as the fish are 
gutted and frozen at seai in other cases, the fish are landed in small 
numbers at isolated points on the coast. Sharks also tend to be landed 
in small numbers at isolated places, and the use of shark livers would 
necessitate sorting to avoid processing livers of species with a low 
vitamin content. 
There are various procedures for extracting oil from fish livers. The 
method chosen will depend on the percentage of oil present and the 
vitamin potency of the oil. Livers with a high oil content and low 
vitamin A potency are usually extracted by steaming. When 
steamed, the released oil floats and can be collected by bailing or 
by allowing it to overflowi the cooked mass may be centrifuged. In 
Norway, temperatures of 85-88 °C are used for direct steamingi 
for indirect heating, the livers are heated to 70-75 °C and stirred 
to facilitate disintegration. Brody ( 1965) describes a simple small-
scale apparatus for the extraction of oil from cod livers (Figure 8 7) i 
a similar apparatus would appear to be suitable for the extraction 
of oil from shark livers. 
Instructions for the extractor are as follows. 
1. Fill with 3 quarts (about 3.4litres) of water. 
2. Place over stove or fire. 
3. Place livers in inner perforated cylinder. 
4. When boiling raise collar and insert cork. Steam then flows 
through hole A into Sand out of M into livers . 
5. Boil for 5 h, adding livers when necessary and spin occasionally 
to remove oil. 
Excessive heating and mddation must be avoided or the potency of 
the vitamins may be destroyed. As vitamin A is inactivated by light, 
the oils must be stored in the dark. 
Livers with a low oil content cannot be steam treated because the 
oil yield would be too low. Suitable alternatives include alkali and 
alkali/ enzyme digestion, and solvent extraction. In a typical alkali 
digestion process, 1-2% by weight of sodium hydroxide, or 2-5% 
sodium carbonate, is added to ground livers and the mixture stirred 
while being heated at 77-88 °C. The liquified mass is centrifuged 
to extract the oil. 
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Cork Handle 
Figure 87. Small-scale extractor of cod-liver oil. 
Inner perforated cylinder 
Handle 
Inner P,erforated cylinder 
.._ Water mlet 
Source: Adapted from a drawing on page 50 of Fishery By-Products Technology by J. Brody. A VI 
Publishing Company, PO Box 831, Westport, Connecticut, 06881 USA. 1965. 
Fish livers spoil very rapidly so unless they are suitably preserved, 
the oil must be extracted before spoilage begins. Freezing offers the 
best method of preservation because the freezing process causes 
some of the cells to rupture and release their oil. Salting is a cheaper 
alternative. The livers should be washed to remove blood and slime, 
cut into slices 2-3 in (5-7 cm) thick, and butt-salted using 10% by 
weight of salt. Salted livers must be stored in airtight containers to 
prevent oxidation. 
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Health effects of fish oils 
Public awareness of the potential health benefits associated with 
fish oils is increasing. A series of observations have shown that those 
whose diets include substantial amounts of fish are less prone to 
disease, particularly coronary heart disease. Those who change to 
a fish diet after having suffered a heart attack also tend to live longer 
than those who retain their previous diet. 
It is thought that those components responsible for alleviating or 
preventing disease are the n-3 polyunsaturated fatty acids present 
in the oil, particularly eicosapentaenoic acid (EPA) and docosa-
hexaenoic acid (DHA). However, further medical investigations are 
needed to confirm these beneficial effects and to identify the 
complex mechanisms involved. 
FISH LEATHER 
High quality leather can be made from the skins of a variety of fish 
including sharks, salmon, Nile perch, cod, tuna, and otherfin fish. 
Leather manufacturers generally prefer large skins . This is because 
the costs for tanning small skins are as high as those for tanning 
larger ones, so it is often unprofitable to make leather from small 
skins, even though they would otherwise be suitable. 
Shark skin can be used to make an attractive and durable leather 
but the shagreen (tooth-like scales) must first be removed. Shagreen 
is a calcareous deposit which cannot be scraped off without damag-
ing the skirii chemical methods must therefore be used. 
Skins destined for leather manufacture should be removed as soon 
as possible after the fish has been killed and any adhering flesh 
should be cut or scraped off. If proper storage is delayed, microbial 
and physical damage will impair the quality of the skin. Skins are 
rarely tanned immediately so some form of preservation is required. 
This has traditionally involved sun-drying, wet-salting or dry-
salting. 
When they arrive at the tannery, the skins are soaked in water to 
soften them and remove the salt. Soaking is a crucial procedure 
because when complete, faults associated with inadequate preser-
vation begin to appear. The skins are then placed in lime liquor to 
open up the fibre bundles and remove hair and epidermisi the liming 
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process may be repeated several times. Lime is removed with 
ammonium chloride or sulphate, and the elastin is removed with 
pancreatic enzymes by a proc-ess known as bating. However, as 
shark skins have a very thin epidermis, only a mild depilatory agent 
such as sodium sulphide is necessary; the bating process may also 
be omitted because the enzymes could digest too much of the skin. 
The skins are then preserved by vegetable or chrome tannage. 
Vegetable tannage of shark skins gives an attractive feel to the 
finished product and can be used to provide the 'shrunken grain' 
appearance frequently required; it is also compatible with the acid 
procedure which is used to remove the denticles after the skin has 
been tanned. The skins subsequently go through various drying and 
fat liquoring processes; fat liquoring makes them more pliable and 
water resistant. They are finally dried and finished. 
CHITIN I CHITOSAN 
In crustaceans, the proportion of waste to edible meat is very high. 
However, the waste material contains significant amounts of pro-
tein, chitin, calcium carbonate, and other minerals. 
Chi tin, or its derivative, chitosan, can be extracted from this waste. 
Chitosan is used in the food, medical and pharmaceutical industries, 
and as a flocculating agent for waste water in food processing 
industries. 
Chitin extraction involves crushing and washing the shells to 
remove the remaining meat. The material is then demineralized and 
treated with dilute sodium hydroxide (NaOH) to yield chitin. Chi tin 
is converted to ch~tosan by treatment with concentrated caustic 
soda (typically 40-50% NaOH) at a high temperature. 
The properties of chitin and chitosan are very sensitive to the pro-
cessing parameters and quality can vary widely depending on the 
methods used. 
Shellfish waste is highly perishable and quickly breaks down 
through bacterial and enzymic attack; this can result in chitosan 
of poor solubility and lowered molecular size. Such degradative 
changes mus_t be kept to a minimum. 
339 
By-Products and Miscellaneous Products 
SEA WEEDS 
Seaweed and seaweed products are still widely used as food in certain 
Asian countries but the countries in which most seaweed is eaten 
are Japan, the Republic of Korea, and China. Sea weeds are also the 
main source of agar which is used in laboratories, industry, and as 
a food ingredient. 
Sea weeds are classified into four main groups based largely on pig-
mentation: the Cyanophyta are blue-green, the Chlorophyta are 
green, the Rhodophyta are red and the Phaeaphyta are brown. The 
green and blue-green algae usually grow in fresh water, whereas the 
brown and red algae are found almost exclusively in marine habitats. 
Most commercially viable seaweeds are red or brown. The type of 
end product required determines which species to use and its rela-
tive valuei however, quality and reproducibility from one batch to 
another may be more important than price. 
FROGS' LEGS 
Frogs' legs are popular foods in many European countries and in 
Japan and North America. Much of the production comes from 
tropical areas including India, Mexico, Cuba and the Far East. The 
most common products are frozen frogs' legs. Several different 
species are used but most belong to the genus Rana. 
The following procedures can be used for freezing. 
1. Use only live frogs. 
2. Place the live frogs in a 10% solution of salt (NaCl) containing 
250 ppm chlorine for 15 mini this partially paralyses and anaes-
thetizes the frogs. 
3. Cut the hind legs at the abdomen not more than 2.5 cm below 
the waist so as not to disrupt the gut contents. 
4 . Wash the legs in chlorinated running water. 
5. To reduce Salmonella contamination, hold the legs in chlorina-
ted water (500 ppm chlorine) chilled with ice for 2 min. 
6. Skin the legs and clip the feet as soon as possible. 
7. Wash again in iced, running water containing 20 ppm chlorine 
for 20 min to facilitate bleeding. 
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8. Trim off excess pieces of skin, guts, etc. and examine for defects 
such as blood spots and parasites. 
9. Wash again in chlorinated (500 ppm) chilled water. 
10. Finally, wash in four orfive changes of chilled1 chlorinated (20 
ppm) water. 
11 . Grade into different sizes. 
12. During packaging, take care not to contaminate the product. 
Pack the legs in individual polythene bags or polythene film and 
secure with a rubber band. Treat the wrappers with 20 ppm 
chlorinated water before use. 
13. Freeze the packs into blocks and store at a low temperature 
(- 30 °C). 
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29. MINCED FISH PRODUCTS 
The flesh from specie of fish which are unmarketable either whole 
or in con ventionalfish product can be used to make mince. As the 
process clisguis s the original nature of the fish, the consumer may 
accept products made from mince even though the original fish 
would have been tmacceptable whole. 
PRODUCTION OF THE MINCE 
The flesh can be r moved from the fish using hand tools such as 
filleting knives; it can then be passed through a conventional meat 
mincer (either hand-operated or powered). On a small scale, and if 
relatively large fish are used1 this may be the most economical way 
of producing the mince. However, many of the fish used for mince 
aresmallandavailableinrelativelylarge quantities (e.g. shrimp by-
catch), in which case a mechanical device for removing the flesh 
from the fish is advisable. There are several machines generally 
known as meat/bone separators which can be used for this (Figure 
88); these separate the soft part of the fish (flesh, guts, nervous 
system, etc.) from the harder parts (bones, scales, s'kin, etc.) The 
yield of flesh from a meat/bone separator is greater than 
M t . 1 1. h Drum screen with holes (diameter 4.5 mm) aena IS Ill' ~
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Separated fish 
Figure 88. Steel-net-roll type meat separator. 
Source: Redrawnhom Miyake, Y., Hirasawa, Y. and Miyanabe, M. (1985) Technology of surimi 
manufacturing. Infofish Marketing Digest, 5: 29-32. Original drawing courtesy of 
Ikeuchi Iron Works. 
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that obtained from manual filleting or filleting machines because 
the meat/bone separator will recover flesh from the head and belly 
flaps which may not be included in a normal fillet. In fact the 
carcases of filleted fish can yield a significant amount of flesh if 
passed through a meat/bone separator. 
Although it is possible to pass the whole ungutted fish through a 
separator, a non-white mince will be produced containing gut 
contents, blood, etc. In some cases, this sort of mince may be accep-
table, but the fish usually need to be gutted and washed before 
separation so that a mince free of gut and gut contents can be made. 
Some machines have attachments for washing the mince, removing 
discoloration and pressing out surplus water. 
USES OF MINCE 
In many fish freezing operations in which products such as fish 
fingers, sticks, cakes and balls are produced, the fish mince stripped 
from the frames after filleting is incorporated into the final product 
to maximize yield. The manufacture of these types of fish product 
as convenience foods is almost entirely confined to the developed 
countries. Other uses for minced fish, particularly from under-
utilized species, include the production of surimi and fish jelly; it 
can also be used as an additive in the preparation of processed meat 
products. 
SALTED FISH CAKES 
In developing countries, a major area of interest has been the use 
of minced fish, particularly from shrimp by-catch and waste species, 
for the production of low cost, salted and dried products. 
When making salted fish cakes, the mince is mixed with salt to 
denature the protein and release water. The fish/ salt mix is pressed 
to force more water out, and the resulting pressed cake is dried. This 
technique requires very little processing equipment. The salt must 
be well and evenly mixed with the mince to produce a good quality 
consistent product. 
The optimum concentration of salt for the production of fish cake 
from raw fish is approximately 15% . At concentrations below this 
figure, the water holding capacity of the protein is high and it is 
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difficult to dry the mince. At higher salt concentrations1 the water 
holding capacity is destroyed and although it is therefore easier to 
dry 1 the gelling capacity of the salt and protein in the muscle is also 
destroyed and the mince will not form cakes when using a hand 
press. As far as the consumer is eoncerne 1, fish cakes made with 
different salt concentrations will have different textures. At salt 
concentrations below 15% 1 a cohesive mass of fish is produced and 
it is difficult to remove the salt from the finished dried cake. At 
higher concentrations of salt1 a spongy, open textured cake is formed 
from which the salt is easily removed. In practice therefore1 cakes 
to which more salt was added initially1 eventually have a lower salt 
concentration, after water has been leached prior to final cooking1 
than cakes to which less salt was added (Table 53). 
Table 53 Salt content of salt/tilapia cakes before and after 
de-salting 
Dried salt/ cake* Salt 
(%) (%dry weight) 
Before Alter 
5 17.6 10.6 
10 30.0 13.5 
15 36.6 4.5 
20 43.7 2.9 
*Salt content refers to that added to the mince 
FISH SAUSAGE 
%Salt removed 
. 39.8 
55.0 
87.7 
95.4 
Many kinds of sausage can be made from minced fish. Most recipes 
are based on those used for meat sausages but replacing the meat 
component with fish. 
Frying sausage 
The ingredients for frying sausage include white fish fillet or Alaska 
pollack surimi 1 pork fat 1 rusk1 water1 salt1 coriander1 polyphos-
phates 1 pepper 1 and dye if required. The fillets are finely mashed in 
a chopper1 the other ingredients are added, and the chopping is 
continued for 4-5 min. Edible sausage casing are filled with the 
mixture and twisted into sausages of the required lengths. The 
product resembles a normal frying sausage in both appearance and 
taste; it is perishable and should be kept chilled or frozen. The 
sausages must be cooked before being eaten; they can be cooked 
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in the same way as meat sausages by frying, grilling, or any other 
method. 
Slicing sausage 
This product resembles a polony and can be eaten cold or fried. The 
ingredients are skinless white fish fillets, pork fat, water, rusk, salt 
and pepper, powdered cereai filler and cayenne pepper. The fillets 
are chopped in a bowl chopper until finely mashed; the other ingre-
dieJ1tS are then added and mixing continues for a further 5 min. 
Cellulose casings are filled with the mixture and tied off. The 
sausages are then heated for 2 h in water at 80-90 °C; the water 
temperature must not rise above 90 °C or the sausages will burst. 
They are then cooled in iced water for 30 min. The finished product 
should be kept chilled or frozen; it will keep for more than a year 
if frozen and stored at -30 °C. 
Once prepared, this type of fish sausage can also be smoked to 
produce a smoked slicing sausage. 
Frankfurter sausage 
This product is similar to a frankfurter made with meat. It is only 
partially cooked during manufacture and must be cooked again 
before being eaten. The ingredients are similar to those for slicing 
sausages but in different proportions. The prepared sausages can be 
smoked in a mechanical kiln for 3. 5 hat 60 oCto give them a smoky 
flavour. They are usually skinned before sale. 
SURIMI AND ITS PRODUCTS 
Surimi is a washed, refined, stabilized fish mince. It is used during 
the manufacture of analogue fish and shellfish products such as 
kamaboko, chikuwa, fish balls and crab sticks. 
Japan is the largest consumer of surimi products and the USA is the 
second largest. Japan also exports surimi and its products to over 
20 countries . 
The criteria for the fish used as raw material in the production of 
surimi are that they should 
• be of low value 
• be white fleshed 
• be available all year round 
• possess good gelling ability. 
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Surimi is formed from the water insoluble, myofibrillar, proteins 
and the gelling ability is governed by the actomyosin component 
of these proteins. It is important to note that good quality surimi 
cannot be produced from frozen or poor quality raw material. 
The predominant species for surimi production used to be the Alaska 
pollack (Theragra chalcogramma), but a declining fishery for this 
species has prompted investigations into the use of possible alterna-
tives. Studies have shown that cod, hake, whiting, Atlantic men-
haden, croaker, Chilean mackerel, blue whiting and New Zealand 
hoki may be suitable. 
Fatty fish species produce surimi with an inferior quality because 
of their high fat content, high myoglobin content and dark muscle. 
Attempts have been made to improve fatty fish mince by washing 
with sodium bicarbonate (NaHC0 3 J solution to remove the fat for 
example. The dark muscle can be removed using a pressure shower 
or rotary freezer. Frozen surimi is manufactured from shrimp traw 1 
by-catch in Southeast Asia. This can be used for the production of 
fish jelly products such as fish balls and noodles. 
Making surimi from small pelagic fish species 
A method that can be used for the production of surimi from pelagic 
fish species is shown in Figure 89. 
r--------, 
Washing 
with water 
Figure 89. Processing surimi from small pelagic fish. 
Source: (1989) Infofish International 5. 
Cryoprotective agents 
1- __ Repeat 
1 three times 
I 
Sorbitol 
4% 
Polyphosphate 
0.3% 
A sugar-sorbitol mixture is used in surimi to protect against dena-
turation during freezing. In Japan, an 8% sugar-sorbitol mix is added. 
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However, this gives too sweet a taste to the final product for the 
Southeast Asia market so lower concentrations are used here. Tests 
have shown that surimi containing 3-5% sugar-sorbitol can be 
stored for three to six months at -18 °C to -20 °C without an 
appreciable loss in quality. 
Polyphosphate 
Food grade polyphosphate is usually added to the leached meat 
before freezingi no more than 0. 3% should be added. Pol yphosphate 
increases the water holding ability of the frozen surimi and results 
in a smoother paste during future processing into jelly products. 
Quality assessment of frozen surimi 
The quality of surimi is usually judged by gel strength and colour 
which depend on the following: 
• the species of fish 
• the freshness of the fish 
• the processing method and control 
• moisture content 
• control of the freezing and storage temperature 
• handling and distribution conditions. 
Gel strength, folding, and teeth cutting tests can be used to provide 
an indication of quality. A sample of surimi is first prepared by 
grinding it into a paste for 30 min with 2.5% salt and 30% chilled 
water. Polyvinylidene chloride casing is filled with the paste and 
allowed to set in a water bath at 40 oc for 20 mini 25-35 mm 
lengths are used for gel strength measurement, and slices 4-5 mm 
thick are used for the folding and teeth cutting tests. Gel strength 
is measured using a rheometer or a tension meter. The folding and 
teeth cutting tests are organoleptic tests and should be carried out 
by trained personnel. 
The folding test 
Five slices 4-5 mm thick are folded in halfi if no breakage occurs 
they are folded into quarters. The grades for the results of the folding 
test are provided in Table 54. 
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Table 54 Allocation of grades in the folding test 
Condition of test sample when folded 
No breakage in any of the five samples when 
folded into quarters 
Slight tear in any of the five samples when folded 
into quarters 
Slight tear in any of the five samples when folded 
in half 
Breakage (but two pieces still connected) when 
folded in half 
Complete breakage into two pieces when folded 
in half 
The teeth cutting test 
Grade 
AA 
A 
B 
c 
D 
Slices of sample are used as in the folding test. The springiness of 
the sample is scored by biting the slice between the upper and lower 
incisors. Table 55 shows the scores for springiness. 
Table 55 Allocation of scores in the teeth cutting test 
Degree of springiness 
Extremely strong springiness 
Very strong springiness 
Strong springiness 
Quite strong springiness 
Acceptable springiness 
Acceptable slight springiness 
Weak springiness 
Quite weak springiness 
Very weak springiness 
No springiness, mushy texture 
Products made from surimi 
Score 
10 
9 
8 
7 
6 
5 
4 
3 
2 
1 
Products made from surimi are sometimes referred to as kneaded 
products. 
Kamaboko 
Kamaboko is a traditional Japanese fishery product similar to a meat 
loaf or a sausage without casing·. It can be made to various recipes 
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according to regional preferences, fish species, additives, and other 
ingredients. The first step in the manufacture of kamaboko is to 
make surimi. Kamaboko is then produced by broiling or steaming 
the surimi mixed with other ingredients. Good kamaboko has a, very 
white, smooth appearance with an elastic texture. Alaska pollack, 
croaker, sharp-toothed eel, lizard fish and conger eel are favoured 
for the production of surimi for kamaboko; white croaker (Nibea 
argentata) is generally preferred because it makes a highly elastic 
kamaboko. 
Apart from fish, the ingredients include potato or wheat starch, salt, 
sugar or monosodium glutamate, chopped vegetables (carrot and 
burdock) and vegetable oils (if the product is fried). 
The surimi must be shaped into half cylinders, or into the shape of 
bread loaves on wooden blocks. The loaves are then cut manually 
into pieces weighing approximately 200 g and treated with infrared 
rays. Alternatively, they may be roasted on top to give a brown crust 
similar to that on bread. The next stage is to sterilize the pieces by 
dipping them in a dilute hydrogen peroxide solution. They are then 
steamed for 40 min at about 80 °C and air-cooled for 2 h. The product 
is packed in cellophane or polythene and heat sealed. It can be kept 
for about one week during warm weather and for up to two weeks 
in winter. 
There are many variations mainly in terms of size and shape on the 
basic kamaboko product. Hampen is square-shaped and chikuwa 
is formed into a tube which is broiled instead of steamed. Products 
such as fish noodles are also by-products of kamaboko; processing 
is similar but the surimi is extruded through a vermicelli or spag-
hetti machine (Figure 90). 
Chikuwa 
Chikuwa can be distinguishedfromkamaboko by its hollow, cylin-
drical shape. It is produced by broiling surimi mixed with season-
ings and other ingredients. Good chikuwa is white inside with a 
brown surface. 
Chikuwa is made by moulding the surimi mixture round a brass 
tube, or a piece of bamboo, and then broiling. The tube or bamboo 
is rolled and moved inside the oven as broiling proceeds. 
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From whole fish From frozen surimi 
I Fish I 
l 
I Frozen surimi I 
I Dressing I 
~ I Washing I 
~ I Separation of meat I 
! 
I Repeated washing I 
~ 
1 I Thawing I 
Other I De-watering (dehydrating) I 
· ~ 
I Mixing I.__ surimi 
additives 
I Mincing I 
! I Grinding and mixing I 
! ' 
I Additives 1---------
~r:l W:-:::-::-a-te-r--:-=in'---g----,1 
/ I Shaping I 
l I Heating I 
l 
I Cooling I 
l 
Kneaded products 
i.e. kamaboko, chikuwa 
andhampen 
Figure 90. The manufacture of kamaboko and allied products. 
Ham pen 
Ham pen is produced by; mixing the surimi with Japanese yam and 
other ingredients and then boiling. Goodhampen has a soft, spongy 
texture resulting from the incorporation of air during rapid kneading. 
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Fish ham 
Fish ham is made from Alaska pollack surimi and tunai non-fish 
meat can also be included. Salt, sugar, chemical flavourings, spices, 
and a smoky flavouring are added to the surimi and the mixture left 
to cure for one or two days in a cold place. It is then mixed with 
additional surimi, starch and soy protein and ground to a paste. The 
paste is sealed in vinylidine chloride casings and either heated in 
water at 85-95 oc for 40-60 min if it is to be marketed frozen, or 
steamed at 120 °C for 4 min if it is to be marketed fresh. 
In an altema ti ve recipe, the ingredients are fresh frozen tuna, marlin, 
swordfish, whale meat, pork, salt, spices, wheat or potato starch, 
and a natural casing. The tuna, whale meat and pork are cooked at 
86 °C and minced. The mince is mixed with the salt, sugar, starch 
and spices in a mechanical mixer and kneaded for about 30 min. The 
mixture is put into large natural casings and smoked over smoul-
dering oak chips for about 12 h. The smoked ham is then machine 
c~t into thin slices and vacuum packed in plastic bags. The ham will 
keep for about 10-14 days at room temperature. 
FISH JELLY PRODUCTS 
The raw material used in the traditional fish jelly industry of South-
east Asia is made by grinding fish with salt to produce a sticky paste 
and then adding flavour enhancers. This paste is shaped and cooked 
to produce fish balls and cakes. The industry consists mainly of 
family run businesses with variable levels of daily production. Fish 
balls are considered to be the higher grade producti they are usually 
cooked by boiling or deep frying. 
The processing method is outlined below. 
1. Raw Material This can be 
(a) the minced meat of fresh fish with good gel forming ability 
such as coral fish (Caesio spp.) and dorab (Chirocentrus 
dorab)i 
(b J minced meat from other fish which has been washed to 
improve its gel forming ability and colouri or 
(c) thawed frozen surimi. 
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2. Grinding This loosens and breaks down the muscle fibres 
which enhances the extraction of salt soluble proteins. · 
3. Salting Salt added during the grinding proc ss ha two func-
tions: to extract alt oluble proteins and t add taste to the final 
product. The amount will dep nd on con umer preferenc but 
3-5% is usually added. 
4. Forming After grinding, the paste begins to set quickly, espe-
cially under tropical conditions. The paste should therefore be 
shaped before setting takes place. Setting results in a firm trans-
lucent product. 
5. Setting After forming, the products begin to set. Setting can 
take place in air or water at 28-30 oc for 2-3 h, or 40-45 oc for 
20-30 min. 
6. Heating This cooks and partially sterilizes the product. As a 
guide, it should be heated in water at 90 oc for 20 min. Deep 
frying and steaming can also be used. 
In China, low price fi h such as shark and lizard fi h are used to 
producelish balls. The meat is removed from the skin and bone and 
ground to a paste with water. Other ingredient such as starch, 
sugar, flavour essence, salt, water and spices are added, and the 
mixture is formed into balls either by hand or by machine. Once 
formed they are put into cold water for a short time and then cooked 
for 15 min in boiling water. 
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The fishmeal and oil industry which began during the early 1800s 
in northern Europe and North America was based primarily on 
surplus herring catches . In the early days , fish oil was produced for 
the leather and soap industrie , and the olid residu was old as a 
high nitrogen and phosphorus fertilizer . Mor recently, the solid 
residue, or meal, has become too valuable for use as a fertilizer as 
the high protein content makes it particularly suitable for animal 
feed. At present, most of the world production of fishmeal is incor-
porated into compound feeds for livestock such as poultry, pigs and 
fish . The world fish catch is cw"Iently about lOO million t/year, of 
which about one third is used for the production of fishmeal . 
RAW MATERIAL 
The raw material for the production of fishmeal can be divided into 
three main categories. 
(a) Fish caught solely for fishmeal production (often referred to 
as 'industrial fish'), e.g. anchovies in Peru, anchovies and 
pilchards in South Africa, herring and capelin in Norway and 
Denmark, and menhaden in America . 
(b) The by-catch from other fisheries, e.g. prawn fisheries. 
(c) Fish offal and fish wastes from processing operations, e.g. 
carcases from filleting and heads and guts from canning lines. 
It is extremely important when planning the establishment of a fish-
meal industry to obtain a realistic estimate of the raw material 
availablei many fishmeal operations have failed because of over 
optimistic assessments. As capital investment and running costs 
are high, ·a meal plant generally require an adequate, regular and 
cheap supply of fish for economic viability. It is also necessary to 
inve tigate the cost of the raw material, any seasonal fluctuations 
in supply, and factors such as the site, and distance from landing 
places. 
Information on the suitability of the raw material for meal manu-
facture may be required because some tropical species of fish are 
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known to contain toxins which could be harmful to livestock. If 
toxic species are likely to be included in the catch, preliminary 
feeding trials will need to be carried out to establish the suitability 
of the meal for livestock production. 
Information on the fat content of the raw material is al o required 
when determining the type ofprocessing equipment necessary, the 
economics of production, and the nature of the final product. Fish 
are normally grouped into the two categories of oily (or fatty) fish 
with more than 2.5% fat, and non-oily (lean or white) fish with a 
fat content ofless than 2.5%. 
PRODUCTION METHODS 
There are two main methods of commercial fishmeal production 
and many minor variations, but all have the following steps in 
common [Figure 91 J. 
1. Heating or cooking to coagulate protein and release water and oil. 
2. Pressing to separate liquids from solids. 
3. Drying. 
4. Grinding to produce a powdered or granular end product. 
Wet reduction 
The wet reduction process is used primarily for the production of 
meal from fatty fish such as menhaden, herring, pilchard and 
anchovy which are caught specifically for the manufacture of 
fishmeal. It is a continuous rather than a batch process and is par-
ticularly suitable for large-scale operations . The essential steps in 
the wet reduction process are as follows . 
1. Grind or hash large fish. 
2. Cook and heat, usually with steam. 
3. Pres to squeeze out water and oil. Pass the liquid portion, known 
as pre s liquor, through a screen to remove the solid particles of 
fish and return these to the press cake. 
4 . Fluff out the press cake. 
S. Dry the press cake. 
6. Grind and pack the dried meal. 
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Fishmeal and Body Oils 
After screening to remove the solids, the press liquor can be treated 
in a number of different ways. Generally however, the liquid is 
heated and centrifuged to remove the suspended solid particles and 
oil. The oil may then be further refined or polished, and the solids 
returned to the meal plant for drying. The remaining liquor, or stick 
water, can be concentrated by evaporation to about 50% solid. This 
can either be sold separately as concentrated solubles, or returned 
to the meal plant and incorporated into the press cake for drying. 
Dry rendering or reduction of fishmeal 
The dry reduction process is used principally for the conversion of 
fish or fish offal with a low fat content. It is a batch process and is 
easier to manipulate than the wet rendering continuous process. 
The essential steps in the dry reduction process are as follows. 
1. Coarsely grind the fish in a hacker or grinder. 
2. Cook the hacked fish in a steam jacketed cooker with a stirrer. 
The cooker also acts as a drier and is usually referred to as a 
cooker I drier. 
Pres es and separate driers are optional extra in thi type of plant. 
The cooker I drier may either be operated at atmospheric pressure, 
or under slight vacuum, to facilitate drying. It can only process one 
charge at a time. 
The dry reduction process has become less popular in recent years 
for a number of reasons. 
Advantages and disadvantages of the two methods 
Wet rendering 
The advantages of this method are·: 
(a) the good quality of the oili 
(b) the faster processingi 
(c) the lower installation and operating costsi 
(d) the suitability for processing large quantities of materiali and 
(e) the yield of fish solubles as a valuable by-product. 
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The disadvantages are: 
(a) the low water soluble content of the meal unless concentra-
ted stick water is addedi 
(b) the lower yieldi and 
(c) the rigid operating conditions 
Dry rendering 
The advantages of dry rendering are: 
(a) the high yield of oil, even for non-fatty fishi 
(b) the suitability for small batch operationsi 
(c) the simplicity of manipulating cooking/drying timesi 
(d) the greater flexibilityi and 
(e) the production of whole meal including solubles. 
The disadvantages are: 
(a) the inferior quality of the oili 
(b) the high installation and production costsi and 
(cJ the slow production. 
COOKING 
Cooking is one of the most important steps in the successful opera-
tion of a meal plant. If the cooking time and temperature are too 
low, the fluids (oil and water) will not be released from the protein 
and pressing out will be difficult. However, if the material is over 
cooked, the fish will become a soft mush and there will be an insuffi-
cient build up o.f pressure in the press to expel the liquids. 
OXIDATION AND ANTI-OXIDANTS 
Fishmeals with high oil contents can present problems during 
storage. Any oil remaining in the meal will oxidize after production 
and this reaction can lead to such a rise in temperature that a fire 
hazard is created. Allowing the oil to oxidize before packing by bulk 
stacking the meal or by spreading it out on the floor is one way of 
overcoming the problem. Sacks of meal can also be held individually 
for a few weeks while oxidation takes place. These procedures allow 
the heat generated by oxidation to dissipate rather than build up in a 
360 
Fishmeal and Body Oils 
confined space. Another solution is to pack the meal in airtight, 
polyethylene, laminated, multilayer sacks which restrict the diffu-
sion of oxygen into the meal. 
Nowadays, the use of anti-oxidants to stabilize fishmeals is 
common. The amount of anti-oxidant required depends on the 
degree of unsaturation of the oil and varies with fish species . The 
two most common anti-oxidants used for fishmeal are ethoxyquin 
and butylated hydroxytoluene (BHT). Between 400 and 700 ppm 
ethoxyquin are usually added to the fishmeal immediately after 
drying and before packaging. The anti-oxidant will prevent the 
uptake of oxygen by the meal and so prevent spontaneous heating. 
BAGS AND STORAGE 
The capacity of fishmeal bags is normally 50 kg . In tropical areas, 
the bags are often of hessian. This relatively open structured 
material allows for the passage of water vapour and oxygen. Under 
humid conditions, the hygroscopic meal may absorb moisture. If 
the moisture content rises above 15%, moulds and bacteria may 
become active and the meal can compact into a solid lump in the 
bottom of the bag.,. 
In many modern fishmeal operations, pap~r and polyethylene 
laminated sacks are used. These have the following advantages over 
the more traditional hessian bags . 
(a) They prevent the rapid movement of oxygen and water. 
(b) The meal is protected to some extent from rodent and insect 
attack, and from contamination by moulds and bacteria. 
(c) The meal cannot seep from the sack as it can through hessian. 
POLLUTION 
The manufacture of fishmeal can pollute the environment by the 
evolution of vapours, mainly during the drying stage, and by liquid 
effluent from the washing down of the plant etc. 
Although the air pollution is not harmful, it is noticeable to the 
public and can often be a source of embarrassment and a problem 
for the meal factory . There are several ways of eliminating the 
malodorous vapours, but .consideration should be given to 
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• the volume of gases emitted 
• the freshness of the raw material 
• the drying method used 
• the location of the plant. 
The methods used for abatement include: 
(a) scrubbing the vapours by passing them through water; 
(b) chemical inactivation using chlorine or permanganate to oxi-
dize the volatile reducing substances which are the main 
odour producing substances involved; and 
(c) combustion of the gases either at high temperatures or at 
lower temperatures using a catalyst. 
In mo t cases, these methods are used in combination; the odorous 
gase are first reduced in a scrubbing tower, and then by chemicals 
r combustion. Chemical reduction is often incorporated into the 
scrubber by adding chl rine or permanganate to the scrubbing water. 
Water pollution can be reduced by using screens and settling tanks 
and by adju ting the pH in the effluent to flocculatc the protein 
solids. These proteinaceous solids can then be removed and recycled 
into the plant. 
COMPOSITION AND QUALITY 
Fishmeal is a high protein feed supplement which can be mixed with 
other supplements to produce a balanced diet for livestock. 
The con titucnt o£ the meal vary according to th raw material and 
manufacturing process. The protein content is generally about 65% 
but it can vary from 50% to 7 5%. Th fat content should be between 
5 and 10% and preferably, below 8%. The ash or mineral content 
depends on the raw mate1ial and varies considerably between 12 and 
33%. Higbprot in/wh lefishfi hmealsusuallyhavelowermineral 
content (about 18% a h) than those produced from scrap and 
filleting waste . Moisture content should be about 8% (between 6 
and 10%); moulds may grow at moisture contents of 12% or above. 
Crude fibre is -generally below 1 %; fishmeal is a low fibre feed. 
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Fishmeals prepared by non-industrial methods may have a much 
lower protein content and a high level of ash because of contamina-
tion with sand and dirt during processing. 
Fishmeal is evaluated in the trade on the basis of crude protein 
content. Prices are often set per unit protein (the unit of protein 
being the percentage of protein in the meal). Therefore, if a plant 
produces a meal with 60% protein, for example, and the price is 
US$ 7 /unit, the price/twill be 60 x US$ 7, i.e. US$420/t. The 
protein in fishmeal is a particularly good source of essential amino 
acids. Most meals contain sufficient quantities of the 10 essential, 
and 11 non-essential amino acids to produce a well balanced diet. 
Of the essential acids, lysine is often the most critical; it can be 
present in large quantities in fishmeals, but it can also be destroyed 
by high temperatures. The cereal based diets used in feed rations 
are often deficient in lysine, so fishmeal could provide the only 
balanced feed. 
Fishmeal is also a source of other nutrients in appreciable quanti-
ties such as B group vitamins. Most mixed feeds nowadays incor-
porate a vitamin supplement, but the intrinsic vitamin content of 
fishmeal provides a margin of security. 
Fishmeals can also provide minerals, particularly calcium, phos-
phorus, sodium, magnesium, potassium, iron, copper, zinc, 
manganese, iodine and selenium which can be deficient in a mixed 
diet. Table 56 shows the mineral contents of some fishmeals and 
the mineral requirements for chickens and pigs. 
It can be seen from Table 56 that feeding 10% Peruvian anchovy 
meal provides 40% of a chicken's calcium and phosphorus require-
ments and 100% of its selenium requirement; with the exception 
of manganese, 10% cif this fishmeal would also provide up to 50% 
of the necessary trace minerals. 
Before 1948, fishmeal was thought to contain an unknown growth 
factor which was termed the 'animal protein factor' (APF). This 
factor was found not only in fishmeal but also in many other animal 
protein feeding stuffs. It did not appear to be present in vegetable 
matter, and although chickens could be kept alive for a consider-
able time on all-vegetable diets, they failed to survive in isolated 
cages for more than one complete generation. Intensive research 
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Table 56 Mineral contents of some fishmeals and requirements 
for chickens and pigs 
Element Peruvian Norwegian White Menhaden Chicken Pig 
anchovy herring fish require- require-
ments ments 
Ash(%) 15.40 10.10 20.00 18.00 
Calcium(%) 3.95 1.95 8.00 5.26 l.OO 0.75 
Phosphorus (%) 2.60 1.50 4.80 2.98 0.70 0.50 
Sodium(%) 0.87 0.42 n .a. * 0.34 0 .15 0 .20 
Magnesium (%) 0.25 0.11 0 .15 0 .14 0 .05 (0.04) 
Potassium (%) 0.65 1.20 0 .90 0.72 0.20 (0.25) 
Iron (ppm) 246.00 150.00 300.00 438.00 80.00 70.00 
Copper (ppm) 10.60 5.40 7.00 11.40 4.00 6.00 
Zinc (pp1,11) 111.00 120.00 100.00 151.00 50.00 50.00 
Manganese (ppm) 9.70 2.40 10.00 35.60 55.00 20.00 
Iodine (ppm) n.a. * 2.40 n .a.* n.a . * 0.35 0.22 
Sel~nium [ppm) 1.39 2.78 1.50 2.22 0.10 
*n.a. = not available. 
subsequently led to the isolation from ox liver of vitamin B 12 which 
was shown to be the APF. Addition of vitamin B 12 to all-vegetable 
rations considerably improved the performance of these diets, 
particularly with respect to growth and reproduction. Howe'\Ter, the 
addition of fish solubles to the diet increased growth still further, 
even though vitamin B12 was present. A series of experiments 
carried out around 1955 demonstrated that fish solubles were a rich 
source of zinc and that this mineral was deficient in all-vegetable 
rations. As the soya bean protein component of the rations had the 
property of binding zinc, the zinc requirement was correspondingly 
increased. 
These examples illustrate the importance of the micro-nutrients 
in fishmeal and fish solubles in ensming high performance in live-
stock. However, in spite of the current understanding of the nutri-
tional requirements of livestock, fishmeal still appears to possess 
unknown dietary factors which improve performance. The scien-
tific literature on this anomaly is extensive. 
SMALL~SCALE MANUFACTURE OF FISHMEAL 
Fishnieal can be manufactured relatively simply and cheaply. A 
small, rudimentary fishrneal plant capable of producing 250 kg of 
meal a day has been marketed successfully in Southeast Asia. The 
machine requires a source of steam which can be provided by any 
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bright oil. Centrifuging is more usual in modern plants because the 
oil produced is fine!:, cleaner and brighter, and has a lower moisture 
content than oil from a settling tank system. The oils produced by 
settling fetch lower prices than centrifuged oils because they are 
poorer in quality and less suitable for some commercial purposes. 
Oil is seldom produced by pressing the meal scrap from a dry 
reduction process; it would, in most cases, be darkened by contact 
with the metal surfaces of the drier, and a hydraulic press would be 
required for the extraction. 
Refining of fish oils, often called hardening, consists of five basic 
steps: refining, bleaching, hydrogenation, further refining and 
deodorizing. 
1. Refining is the treatment of the oil with an aqueous alkaline 
solution which reacts with the free fatty acids to form soaps and 
remove any mucilages. 
2. Bleaching removes any coloured matter, natural pigments and 
some of the suspended mucilages. The bleaching materials com-
monly used are natural or activated clays. 
3. Hydrogenation is the process by which hydrogen is added directly 
to the unsaturated bonds in the fatty acid chain. 
4. Further refining is the process by which the oil is refined a second 
time, before deodorization, to improve flavour stability. 
5. Deodorization is the removal of small quantities of volatile 
compounds from the oil. 
Fish body oils (and liver oils) mainly comprise triglycerides which 
consist of three fatty acid chains attached to a glycerol molecule. 
The species of fish used in oil manufacture influences the fatty acid 
composition of the oil considerably. Mackerel and herring oils have 
more fatty acids with long chain lengths (C22) and anchovy and 
pilchard oils have more with Cl6 chain lengths. 
Although the oils from different species vary considerably in their 
fatty acid composition, all have a high percentage of unsaturated 
fatty acids. This makes fish oils more reactive than most land animal 
and vegetable oils. It is generally believed that the characteristic 
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odour of fish oils is due at least partly to the presence of highly 
unsaturated fats because when these are hydrogenated, the odour 
disappears. 
The main features which affect the quantity and quality of the fish 
oils obtained by processing are the fish species, the food which the 
fish has eaten, the spawning cycle and the water temperature. Fish 
are generally able to modify the oils taken into the body, but if large 
quantities of a particular oil are ingested, the mechanism may fail. 
For example, carp fed on maize may develop a peculiar flavour 
because of the presence of large quantities of maize oil. With the 
onset of the spawning season, many fish stop feeding so stored oil 
is used to build up the gonads and supply energy. It is reported that 
fish caught in cold water show a higher degree of unsaturation in 
their oil than the same species caught in warmer waters. 
Deterioration of fish oils results from the development of free fatty 
acids and oxidative rancidity. The development of free fatty acids 
is caused by the lipases present in the oil and by contaminating 
micro-organisms. Oxidative rancidity is caused by atmospheric oxi-
dation, lipoxidases present in the fish, or contaminating micro-
organisms. Flavour reversion in deodorized oil may also occur. 
Deterioration can be controlled by heating to 80-100 oc for 15-20 
min to inactivate the enzymes, adding anti-oxidants, halogenation, 
or storing under an inert gas such as nitrogen. Brody (1965) reviews 
the literature and provides an account of deterioration and its 
control. 
Many fish oils are converted into solid compounds when atmo-
spheric oxygen is absorbed; these drying oils are suitable for use in 
paints and varnishes. A few oils are classified as semi-drying and 
are unsuitable for such purposes. Any fish body oil can be converted 
into a form suitable for human consumption; examples include 
canning oils, margarine and cooking fat. These oils are also used in 
animal feed, especially as carriers for the oil soluble vitamins A and 
D. Other processes in which fish oils are used include the manu-
facture of linoleum, detergents, rubber, lubricants, printing inks, 
leather and cosmetics. 
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31. TOXINS AND CONTAMINANTS OF 
FISH AND SHELLFISH 
More than 1000 species of marine organisms are known to be 
poisonous or venomous and many of these are either edible or enter 
the food chain in some other way. The chemistry and toxicology 
of the poisonous components varies considerably. Some toxins 
appear to be proteins of high molecular weight and others are small, 
guanidiniam-type compounds. Most have not been isolated or 
purified. 
There are two main types of poisoning caused by marine animals. 
Fish poisoning results from eating fish containing poisonous tissue, 
and shellfish poisoning results from eating shellfish which have 
ingested concentrated toxins from the plankton on which they feed. 
PARALYTIC AND OTHER SHELLFISH POISONING 
The majority·ofseafood-borne diseases involving natural toxins are 
associated with molluscs. Bivalves are filter feeders and can 
accumulate high concentrations of natural toxins in their digestive 
systems and, in some cases, their flesh, from marine algae. Shellfish 
becomes toxic when local conditions favour the growth of the dino-
flagellates beyond their normal numbers (blooms)i these circum-
stances are referred to as 'red tides'. The term red tide refers to the 
colour of the water which turns red due to the high concentrations 
of the dinoflagellates. The estimated lethal dose for humans is 1-4 
mg. The toxin depresses respiratory and cardiovascular regulatory 
centres in the brain, and death usually results from respiratory 
failure. Outbreaks of paralytic shellfish poisoning (PSP) have been 
reported worldwide. The toxic agent has been isolated and purified 
from cultures of dinoflagellates and from toxic shellfish. It is known 
as saxitoxin and as it is heat stable, it is not destroyed by cooking. 
Toxic syndromes associated with shellfish poisoning were classi-
fied by Hall (1991) as paralytic shellfish poisoning (PSP), diarrhoe-
tic shellfish poisoning (DSP), neurotoxic shellfish poisoning (NSP) 
and amnesic shellfish poisoning (ASP) (Table 57). 
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Table 57 Natural toxins in bivalves 
Syndrome Symptoms Toxin 
PSP 1-2 h, death due to respiratory Heat stable 
paralysis saxitoxin 
DSP Acute diarrhoea within 1-2 h of 0 kadaic acid 
ingestion and derivatives 
NSP Nausea, respiratory irritation Breve toxins 
symptoms pass within a few days 
ASP Nausea, loss of equilibrium and Dormic acid 
memory; brain damage 
FIN FISH TOXINS 
Seafood-borne illnesses which result from natural toxins and which 
are associated with fin fish are ciguatera, scombroid and pufferfish 
poisoning. 
Ciguatera poisoning 
Ciguaterapoisoning i one of the most common forms of poison-
ing caused by natural toxins in fish. It can result from ingestion of 
a wide variety of common tropical reef fish such as groupers, sea 
bass and snappers. The form of the toxicity is associated with the 
food chain relationships of the fish. 
Ciguatera toxins come from the marine algae, Gambierdiscus 
toxicus; they are passed directly to herbivorou species and 
indirectly, to carnivorous species. The toxin ha been isolated and 
does not appear to be destroyed by cooking . Symptoms of poison-
ing include diarrhoea, nausea, vomiting and tingling sensations. 
Clupeoid poisoning 
Clupeoid poisoning is sometimes caused by eating herring, ancho-
vies, tarpons or bonefishes; it is particularly prevalent in the Carib-
bean. Although development may be similar to that in ciguatera 
poisoning, the source and character of the toxin is unknown; it is 
thought to originate from plankton and the viscera of the fish are 
said to be the most toxic. The clinical syndrome, however, is well 
characterized and death is common. 
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generally less than 5 mg/ 100 g wet weight. Fish exporters should 
check any relevant histamine level requirements in the importing 
country. 
The most important variable affecting the rate of histamine forma-
tion is temperature. The optimum temperature for histamine 
accumulation in fi hery products i within the range of 20 °C to 
45 °C. However, significant accumulati n occurs between 10 °C 
and 20 °C. Fish which have been correctly iced immediately after 
capture and kept at 0 °C hould have negligible levels of histamine. 
Fish which appear to be edible can contain high levels of hi tamine. 
It has been shown that Indian oil sardines held at 10-15 °C after 
capture develop high levels of histamine while still appearing to be 
edible. If sardine are chilled in ice, they remain edible without pro-
ducing high levels o£ histamine. If fish are handled correctly after 
capture and chilled a soon as possible, the chances for hi tamine 
production are greatly reduced. 
Histamine is heat stable and can occur in ca1med products. It is 
therefore important to apply trict handling procedure to the raw 
material before processing. The presence of histamine in canned 
products is related to the raw material used, the type and extent of 
microbial contamination, the time and temperature allowed for 
microbial growth before heat processing, and histamine production 
during handling and processing. 
Histamine is not produced during the freezing process but it is found 
in the traditional salted dried fish products of Southeast Asia. If 
mishandling of the fish is avoided, the temperature is controlled and 
saltillg is carried out as soon as possible1 the incidence of high 
histamine levels in alted dried products will be reduced . 
If eviscerated and uneviscerated fish are treated in the same way, 
histamine levels will be lower in eviscerated fish. 
Other biogenic amines 
Trials have shown that the ingestion of large amounts of histamine 
does not necessarily lead to poisoning. It is thought that the inges-
tion of histamine in conjunction with other biogenic amines is the 
real cause of the illness. Other amines which have been implicated 
in the synergistic relationship include cadaverine, putrescine, 
spermine and spermidine. The presence of putrescine, cadaverine 
and histamine indicates fish and shellfish spoilage. 
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INDUSTRIAL POLLUTANTS 
Heavy metals 
Heavy metals enter the environment, mainly as a result of indus-
trial pollution, and find their way into the food chain by a number 
of routes. Large tuna and swordfish have been shown to accumu-
late mercury in their bodies. Danger comes from the ability of heavy 
metals to accumulate in the body progressively and irreversibly over 
time. Mercury and cadmium are of primary concern in this context. 
The toxicological importance of mercury depends on its chemical 
form. Exposure to organic mercurial compounds, especially methyl 
mercury, is more dangerous than exposure to the organic salts of 
mercury. Both forms attack the central nervous system, but 
exposure to methyl mercury is much more serious because the 
lesions induced are irreversible. The human response to mercury 
was well documented after a mass poisoning in the Minimata Bay 
area ofJapan. In this disaster, clinical signs of poisoning were evident 
when intakes of methyl mercury exceeded 4 ,ug/kg body weight. 
Taking into account the total dietary sources of mercury, a tolerable 
weekly intake of 300 ,ug/person, of which not more than 200 ,ug 
should be methyl mercury, has been established. 
Nearly all the methyl mercury in the diet comes from contamina-
ted fish; other foods contain negligible levels of organic and inorganic 
mercury. In recent years, surveys have shown that there is a daily 
intake of 1-20 ,ug total mercury/individual in the USA and 
western Europe. 
Chlorinated hydrocarbons 
DDT is probably the best known chlorinated hydrocarbon. It is an 
insecticide which has been banned in many countries. However, 
it is still used to protect dried fish from insect infestation in some 
parts of the world. It is a chemical which accumulates and remains 
in the food chain. 
Polychlorinated and polybrominated biphenyls (PCBs and PBBs) are 
stable inert molecules which serve effectively as insulators and fire 
retardants. They have therefore had a wide industrial use. However, 
their resistance to biological and chemical breakdown, and their 
lipophilic properties, are problematical characteristics. The use of 
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some of the most widely dispersed chlorinated hydrocarbons is now 
banned or severely restricted in many countries. 
In 1966, PCB was discovered in fish. This attracted attention 
amongst the scientific community because it was thought that PCBs 
were used only in closed, controlled systems. Subsequent research 
showed that they are, in fact, widespread environmental contamin-
ants which represent a potential hazard to human health. 
The toxicological implications are not clear. Although these chemi-
cals do not have a high order of acute or chronic toxicity to animals, 
they accumulate in the adipose tissues; evidence of human poison-
ing at very high intake levels has been reported. 
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FOOD-BORNE DISEASE 
The microbial populations of freshly harvested fish and shellfish 
largely reflect those of their environment. Therefore, although fish 
from open oceans tend to be free from human pathogenic bacteria, 
fish from coastal areas may harbour harmful micro-organisms. Sew-
age of human and animal origin, and industrial wastes are frequently 
discharged into coastal or estuarine waters; seafood harvested from 
these in-shore environments may therefore represent a human health 
hazard because of the presence of pathogenic micro-organisms and 
harmful industrial residues. Freshly harvested aquaculture products, 
particularly those from tropical regions, may harbour the pathogenic 
bacteria which form part of the natural micro-flora of fish ponds. 
Harmful micro-organisms can also enter the seafood processing chain 
because of inadequate process control, poor standards of hygiene and 
sanitation in the processing plants, and post-production contamina-
tion during incorrect handling or storage. It would be advisable to 
introduce a quality system based on the Hazard Analysis Critical 
Control Point (HACCP) concept. HACCP is a systematic approach 
to hazard identification, assessment and control and is a more 
structured approach to the control of identified hazards than those 
available by traditional inspection and control procedures. The 
application of the system in a fishery processing plant demonstrates 
that product quality I safety objectives are continually achieved. 
This short review is intended to provide some basic information 
about those micro-organisms likely to cause food-borne disease when 
present in ready-to-eat seafoods, and those which will result in sea-
foods for export markets being rejected by public health authorities. 
PATHOGENIC BACTERIA 
Staphylococcus aureus 
S. aureus seldom, if ever, occurs as part of the natural micro-flora 
of fish and shellfish; its main habitat in humans and animals is the 
nose, throat and skin of healthy individuals. Food poisoning results 
from eating foods on which S. aureus·has grown and on which heat 
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stable enterotoxins have been produced. The incubation period 
between ingestion and the onset of illness is usually 2-4 h; symp-
toms are nausea, retching, vomiting and less frequently diarrhoea. 
Staphylococcal food poisoning is frequently caused by eating seafoods . 
which have become contaminated with S. aureus post-harvest; the 
skin of the processing personnel is an important source of the 
pathogen and high levels will be present in boils, infected cuts and 
other skin lesions. In a survey of fish processing plant personnel 
carried out by NRI, over 70% of the workers were found to carry toxin 
producing strains of S. aureus on their hands. 
Food poisoning caused by S. aureus can be prevented by following 
Good Manufacturing Practices (GMP) in fishery processing plants 
which will reduce the incidence of contamination and prevent 
growth and toxin production by the organisms. An effective method 
of preventing contamination is to provide protective clothing for pro-
cessing personnel (rubber gloves, face masks, etc.). Hand washing 
with bactericidal agents or antiseptic soaps is important for the reduc-
tion of S. aureus on the hands. Surface contamination can be reduced 
by washing processing equipment following a recognized cleaning 
regime, followed by a sanitation step of chilled chlorinated water. 
Growth and toxin production will be prevented by maintaining the 
temperature below 10 °C during processing. Cooking will destroy 
S. aureus although some staphylococcal enterotoxins are heat stable 
and may survive normal cooking temperatures. Low water content 
and an acid pH will also inhibit the growth of S. aureus. 
Salmonella 
The normal habitat for Salmonella spp. is in the intestinal tract of 
warm blooded animals, but although this is their principal habitat, 
they are also capable of prolific growth on a wide variety of foodstuffs. 
Salmonella is not normally present as part of the natural micro-flora 
of marine fish but it can be present in aquaculture products and fish 
from in-shore areas. Food poisoning is caused by the ingestion of live 
organisms; the effective dose that will cause illness is dependent upon 
several factors, such as strain virulence, and the age and immune 
status of the patient and symptoms include fever, abdominal pain, 
diarrhoea and vomiting. The symptoms of Salmonella enteritis 
usually occur 12-36 h after ingestion, whilst periods up to 72 h 
are not uncommon; the period of illness may last for eight days or 
even longer. During the period of the illness, and for some time 
afterwards, the patient will be passing Salmonella in faeces and 
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should not, therefore, be allowed to handle food until a complete 
recovery is made. 
Salmonella is a heat sensitive organism which cannot survive 
normal cooking temperatures. Surface contamination can be 
reduced by washing raw products in chilled potable water, and 
multiplication will be inhibited by maintaining temperatures during 
processing below 10 °C. Although freezing may reduce numbers, 
Salmonella can survive for months in frozen produce. 
Vibrio parahaemolyticus 
Vibrio parahaemolyticus is a marine halophile which frequently 
occurs in seafoods from coastal waters and brackish water ponds. 
It is usually isolated as part of the natural micro-flora of freshly 
harvested tropical seafoods and is reported to be one of the principal 
causes of food poisoning in Japan and Southeast Asia. Symptoms 
of the disease caused by this organism are abdominal pain, nausea, 
vomiting and diarrhoeai they may start within 2 h of ingestion but 
may be delayed for up to 48 h. The illness usually lasts for one or 
two days. Normal cooking temperatures will destroy V. parahaemo-
lyticus. V. parahaemolyticus is particularly sensitive to tempera-
tures between 0 and 5° C and levels of the pathogen in a product will 
fall during refrigerated storage. Death occurs more readily at tem-
peratures below 0° C. To prevent the organism from multiplying 
during handling and processing, temperatures must be kept below 
10 °Cj growth is arrested at 5-8 °C but for praCtical purposes, pro-
cessing temperatures below 10 ° Care sufficient to inhibit or reduce 
growth. V. parahaemolyticus can be effectively removed from 
surfaces by washing processing equipment in chilled potable water 
or chilled chlorinated water (20 ppm). 
Vibrio cholerae 
This species can be divided into the two groups of V. cholerae 01 
and non-0 1 V. cholerae. V. cholerae 01 causes cholera and is widely 
distributed in aquatic environments. Cholera is highly infectious 
and occurs in epidemics and pandemicsi it is a major public health 
concern in less developed countries. An epidemic in South America 
has been associated with eating seafood. Symptoms of the disease 
are watery diarrhoea (sometimes referred to .as rice water stools) 
which can lead to dehydration and salt lossi in severe cases the 
patients die. Non-0 1 V. cholerae can also cause food poisoning-with 
symptoms of diarrhoea, stomach cramps and vomiting. 
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Although Listeria is relatively heat resistant it is destroyed by 
normal cooking temperatures. Its presence in cooked seafoods 
suggests post-process contamination or under-processing. The 
ability of L. monocytogenes to survive and grow at refrigeration 
temperature is one of the major concerns for the fish processing 
industry. It can also survive in pickled fishery products and grow 
at high salt concentrations (up to 10% w /v). 
Shigella 
Shigellosis, or bacillary dysentery, is a food-borne illness caused by 
Shigella; it is sometimes referred to as 1filth disease' as it is associa-
ted with poor personai hygiene and sanitation. The mortality rate 
is high in infants and in the elderly. Symptoms of the disease include 
diarrhoea, vomiting, cramps and blood/mucus in the stools. The 
infectious dose is very low compared to those for cholera or sal-
monellosis. In 1983, 14residents of an old people's home in Europe 
died after eating shrimp contaminated with Shigella flexneri. Other 
reported cases have involved the eating of shrimp and raw oysters. 
The primary source of contamination for seafoods is the human 
intestinal tract. Good sanitation in seafood processing plants and 
high standards of personal hygiene amongst personnel will help to 
control shigellosis. The incidence of disease due to this organism 
is rare. 
Aeromonas 
Aeromonas, which has only recently been implicated in food-borne 
diseases, has two distinct groups. The non-motile group which 
includes the fish pathogen, A. salmonicida, is of no significance to 
human health, but the second, motile group, which includes A. 
hydrophila, can cause disease in humans. A. hydrophila causes 
gastroenteritis with severe diarrhoea and mild fever; it is also the 
cause of 1travellers diarrhoea'. The natural habitat ofAeromonas 
is water and it is commonly found in freshly harvested fish from 
brackish water and coastal areas . In a study carried out by NRI on 
the spoilage of fish in refrigerated sea water, A. hydrophila was fre-
quently isolated as the principal spoilage micro-organism. It has also 
been implicated in food-borne illness associated with prawns and 
oysters. The control of this organism in seafoods must be based on 
good hygiene and manufacturing practice. Fish, especially oysters 
and other moll us can shellfish, may harbour Aeromonas at the time 
of harvest, and consumption of raw /partially cooked seafoods may 
pose a serious hazard to health. 
380 
Microbiological Safety of Seafoods 
A. hydrophila is heat sensitive and will be destroyed by normal 
cooking temperatures. However, some strains can grow at refri-
geration temperatures, and care must be taken to avoid cross-
contamination between cooked and uncooked seafoods. 
Yersinia 
Yersinia enterocolitica has been known to be pathogenic in humans 
for the last twenty years. It can grow at low temperatures (2-4 °C) 
and has been found in seafoods including shrimp, oysters and crabs. 
Not all strains of Y. enterocolitica are pathogenic, but the symptoms 
of food poisoning caused by those which are include severe abdo-
minal pain and diarrhoea. 
The organism is heat sensitive and will be destroyed by tempera-
tures above 60 ° C. It can produce a heat stable toxin in chilled foods, 
but the role of this toxin in the food-borne disease is unclear. 
Animals are the most common sources of pathogenic strains and 
the main route of transmission is through contamination of foods 
with faecal matter. Fish processors must rely on good hygienic 
practices for control, i.e., they must keep pets and other animals 
away from processing plants; they must also avoid cross-contamina-
tion and use adequate heat treatment/ cooking processes. 
Plesiomonas 
Plesiomonas shigelloides has recently been identified as a human 
pathogen and has been isolated from a wide variety of sources. It 
was implicated in an oyster-associated outbreak of diarrhoea! disease 
but little other data are available regarding the importance of this 
organism in seafoods. 
VIRUSES IN SEAFOODS 
The list of viruses associated with food-borne disease has grown over 
recent years as methods of detection have been developed and 
improved. It is thought that viral forms of food-borne infections are 
under recognized and therefore under diagnosed. 
The following groups of viruses have been associated with food-
borne illness: 
Hepatitis A 
Rota virus 
Novel rotavirus 
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Norwalk and Norwalk-like viruses 
Adenovirus 
Calcivirus 
Astrovirus 
The SRSV are usually referred to as the Norwalk and associated 
viruses; they are commonly implicated in the viral gastroenteritis 
which results from eating molluscan shellfish. Oysters, clams and 
mussels are filter feeders which accumulate micro-organisms and 
other particulate matter from surrounding waters in the gut. Accu-
mulation of faecal bacteria to levels of 25-30 times above those in 
the environment can occur, but these levels fluctuate according to 
tidal cycles and local conditions. Ingestion of micro-organisms does 
not necessarily kill them; they may remain viable in the gut and, 
in some instances, be transferred to the flesh . Shellfish harvest ed 
from the estuaries and coastal waters used as repositories for 
untreated domestic sewage are known to accumulate bacteria and 
viruses pathogenic to humans, and there is extensive epidemio-
logical evidence of infection following the consumption of raw and 
partially cooked shellfish. In order to reduce the public h ealth risks 
associated with eating molluscan sh ellfish , l egislation in the UK 
allows the control of harvesting when environmental conditions 
are unfavourable . The following methods are available for consumer 
protection; certification of growing areas; the re-laying or transfer 
of shellfish to pollution-free wat·erways; and depuration, by which 
shellfish are stored in tanks of sterilized sea water for 36-48 h to 
decontaminate naturally. 
The symptoms of viral gastroenteritis are vomiting which is usually 
quite severe, diarrhoea and abdominal cramps . There are no routine 
laboratory methods available for detectin g SRSV and HA V in foods. 
Detection is usually by electron microscopy and little specific data 
are available on the survival of viruses during seafood processing. 
In the UK, a heat treatment developed at the Central Science Labora-
tory, Food Science Laboratory, Tarry has been introduced to destroy 
HAV in cockles (internal temperature of 85-90 oc for 90s). This 
has significantly reduced the incidence of food-borne disease 
attributed to contaminated molluscs. Viruses in seafoods can 
survive chilling and freezing, and as they can be spread by the hands 
of infected individuals, good standards of personal hygiene with 
correct handwashing procedures are essential. 
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33. QuALITY CoNTROL, AssESSMENT, 
AssuRANCE AND AuDITING: 
SoME DEFINITIONS 
QUALITY CONTROL 
Quality control can be defined as follows. 
The maintenance of quality at a level which satisfies the 
customer and the health authorities and which is economical 
to the producer or seller. 
This definition can be expanded to include the following statement. 
Control of quality will minimize the customer complaints 
which lead to loss of business. 
While the maintenance of fish quality is the responsibility of every 
individual in the fish marketing chain, the responsibility for the 
control of quality in processing plants must be delegated to an 
individual or a department. If the quality control (QC) department 
is to function properly, it must be independent of the production 
department and have a direct line of communication to top manage-
ment. In small processing plants, the functions of QC can be 
combined with those of other departments such as the production 
department, but QC should never be subordinated. The quality 
controller, or QC department, should be at least as powerful as other 
heads of departments, or departments. Quality control systems 
should be flexible. They should be periodically reviewed and 
updated to accommodate experience and change. 
The function of QC should be considered under the following 
headingsi 
(a) design of product specificationi 
(b) inspection of raw materials and final producti 
(c) process controli and 
(d) training personnel in quality control and quality assurance. 
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the standards required by the specification before being accepted 
for processing. 
Similarly, the inspection procedure for the final products must 
ensure that all the product specifications have been met. 
The maintenance of the final products at a specified high quality 
will depend on proper control of raw materials and processing . 
Process control 
It is much more important to apply a strict code of practice for 
processing seafoods than to rely on end product testing. 
Processing equipment and premises should be maintained in the 
condition necessary to ensure that the final products reach the 
standards laid down by the product specification. In order to achieve 
this aim, each step in the process must be evaluated and the critical 
points defined. 
The introduction of safety assurance programmes to guarantee 
product quality and safety would seem appropriate. Such pro-
grammes, which are based on the rational and systematic approaches 
of the Hazard Analysis and Critical Control Point (HACCPJ concept, 
are mandatory for food processors in some countries. 
The HACCP inspection approach is used to identify control points 
in the processing operations, to determine the hazard associated 
with each point, and to establish adequate control measures and an 
adequate monitoring plan for each point. When planning a quality 
assurance programme, it is necessary to draw precise process flow 
diagrams and carefully evaluate each point in the process; the 
standards of hygiene and cleanliness in the processing plants must 
be included. 
HACCP regulatory models 
The US Department of Commerce has prepared a series of HACCP 
regulatory models for the following raw and processed seafoods: 
• raw fish • lobster products 
• breaded fish • molluscan shellfish 
• breaded shrimp • west coast crab 
• raw shrimp • scallops 
• blue crab • aquaculture 
• imported products 
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QUALITY ASSURANCE 
Quality control in processing plants ensures that products reach the 
criteria set out in the product specification. 
A quality assurance programme consists of quality standards, quality 
control, quality evaluation, auditing and inspection, and it applies 
to the whole industry. In essence, a quality assurance programme 
aims to ensure that everyone in a processing chain, from the catcher 
to the retailer, is working to achieve a high quality end product. 
The first stage is to assure the quality of the raw material by con-
trolling the method of capture or harvest, the subsequent handling, 
and the method of transport to the market or processing plant. In prac-
tice, the retailer demands high quality products from the processor 
in order to assure a high quality product for the consumer. The pro-
cessor therefore demands high quality raw materials from his suppliers. 
A quality assurance programme may include some form of labelling, 
or an award given by an organization or group which oversees, or 
is responsible for, quality assurance in a particular fish handling, 
processing sector. A special label may identify products which have 
been produced to a specified standard, and an award may be given 
to those processors who provide high quality products and service. 
Products identified by labels or awards may prompt the consumer 
to buy, and the increased sales may encourage the producer to main-
tain these recognized standards of quality. 
QUALITY AUDITING 
An audit or examination may be carried out to ascertain whether 
a fish processing operation is actually achieving its aims. 
The examination can either be internal, or personnel from one opera-
tion may examine the achievements of another. For example, staff 
from a large fish cannery may carry out audits on their raw material 
suppliersi raw materials include cans and labels, etc. as well as fish. 
Audits may take place every six months and last three or four daysi 
they may include checks on the company records and process line, 
and interviews with management staff. By doing this the larger 
company is trying to ensure that the supply of raw materials is 
always of a high enough standard to provide the assured quality of 
its own end product. If a supplier fails to satisfy the auditor, assis-
tance may be given to correct unsatisfactory practices. 
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34. CHEMICAL, MICROBIOLOGICAL AND 
PHYSICAL METHODS OF QuALITY AssEssMENT 
AND MEASUREMENT OF SPOILAGE 
Methods for assessing the quality of fish are needed so that quality 
control and assurance systems can be properly regulated and 
monitored. In this and the following chapter, the various options 
available are described and their advantages and disadvantages 
discussed. 
A HYPOTHETICAL IDEAL QUALITY ASSESSMENT METHOD 
Over the years, many different methods of quality assessment have 
been developed and investigated in an attempt to determine the 
most suitable index for use in quality control testing. The 'ideal' 
method would have the following attributes: 
(a) it would be non-destructive 
(b) the equipment would be cheap to buy and maintain; 
(c) the equipment would be robust, portable, simple to operate, 
and suited to minimum facility 'field' operations; 
(d) it would produce consistent results on standard material; and 
(e) it would give rapid results. 
So far, few methods have come close to this ideal. 
PRECAUTIONS APPLICABLE TO ANY QUALITY ASSESSMENT 
OPERATION 
1. Ensure that the sample of fish taken from the bulk truly repre-
sents the bulk. 
2. Ensure that if only apart of a fish is analysed, it is always the same 
part. Composition differs markedly from the head to the tail of 
true fish and depends, in particular, on the relative amounts of 
skin, dark muscle and light muscle present in the sample. 
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Careful processing, by chilling, heavy salting, salting and hot-
smoking, drying thoroughly, freezing or canning, for example, will 
either destroy or inhibit the TMA producing micro-organismsi any 
TMA detected in these products would probably have been present 
at the time of processing. 
If fish are stored or processed in water or melt-water, some TMA 
will be washed out and this will mask the degree of spoilage. This 
is most pronounced in small prawns which have a large surface area 
in relation to their volume (Table 59) . 
Table 59 The leaching of TMA from prawns {Xiphopenaeus 
croyeri) stored in ice 
Time of storage 
(h) 
7 
24 
48 
72 
96 
120 
144 
168 
In muscle 
1.45 
0.88 
1.32 
1.21 
0.42 
0.67 
0.83 
0.46 
TMA content (mg N/100 g) 
In m elt-water 
0 .31 
2.09 
5.11 
5.76 
8. 84 
12.28 
16.86 
Total produced 
1.45 
1.19 
3.40 
6.32 
6.18 
9.51 
13.11 
17 .31 
Source: Values adapted from Castro, L. A. B. (1975) Boletim do Institute de Pesca, 
4 (2): 29-36. 
The level of TMA is often used to assess the quality of fresh and 
frozen fish, but the results depend on the measuring method. Rigid 
standardization is therefore essential and direct comparisons of 
results obtained by different methods are unsound. All methods 
require acidic extracts of fish muscle and it is usually necessary to 
prevent interference by ammonia. 
Simple methods of analysis 
1. Steam distillation This method requires an experienced tech-
nician (Shewan et al., 1971). 
2. Con way micro-diffusion method This widely used method is 
reputed to be simple, inexpensive, relatively accurate and repro-
ducible. It does, however, have some disadvantages. First, the 
thorougp cleaning of the apparatus which is essential for the 
accuracy of the data is troublesome and time consumingi if the 
' 
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(d) In crustacean shellfish, ammonia usually exceeds TMA by 
more than in bony marine fish, but by less than in 
cartilaginous marine fish. 
TMA has already been discussed. Ammonia is produced mainly by 
bacterial attack on proteins, amino acids (particularly arginine in 
Crustacea) and in cartilaginous species, urea. 
TVN determinations can be made by any of the methods listed for 
TMA but without the need to prevent interference by ammonia. 
TVN can also be determined relatively easily by steam distillation 
using apparatus designed by N. Antonocopoulos (Figure 90). 
Sample finger 
- Liebig condenser 
300 ml conical flask "-..""-)I I\ 
""'";,;og 3% b~;"''"' ~
Figure 92. Antonocopoulos apparatus for TVN estimation. 
Samples of fish are boiled in a mildly alkaline solution and the 
vapours containing the volatile bases are condensed. 
Nucleotide degradation products 
Adenosine triphosphate (ATPJ is the major nucleotide of living 
muscle. It is degraded post mortem by enzymes which occur 
naturally in the muscle and probably also by micro-organisms which 
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• the quality of the fish before processing 
• the adequacy of the processing 
• the adequacy of storage. 
All the previous tests may be applied to the fish before processing; 
if good quality fish are carefully processed and properly stored1 a good 
quality product will be obtained. The products are preserved mainly 
by lowering the water activity; this is achieved by reducing the water 
content and/ or increasing the salt content . Analyses of water and 
salt can therefore be used to check the quality of the processing. 
Moisture analysis 
An accurately weighed sample is cut into small pieces and dried in 
an oven at 105 o C for 3 h. The pieces are broken up 1 taking care not 
to lose any sample1 and dried to constant weight . The weight loss 
is taken as the water c0ntent. 
Salt analysis 
A small sample is homogenized in distilled water for thorough 
extraction of the salt and then centrifuged. The supernatant is 
diluted to volume1 and salt is determined by titration with silver 
nitrate . The volume of silver nitrate used is proportional to the salt 
content . Chloride meters are available but their performance may 
be erratic when used on the protein-rich extracts of fish. 
MEASUREMENT OF BACTERIAL SPOILAGE 
The bacteriological quality and degree of spoilage is assessed by 
estimating the total number of bacteria present on fish and fish 
products. Representative samples must be taken from the fish to 
increase the accuracy of the judgements based on the results 
obtained . 
Estimation of bacterial numbers by standard spread plate technique 
A sample of muscle and skin weighing 30 g should be excised asep-
tically from the fish and mixed with 270 cm 3 of a sterile diluent1 
such as 0 .1% peptone or Minimal Recovery Diluent [0 .85% NaCl 
+ 0.1% peptone J 1 in a stomach er or blender for 2 min. This provides 
a dilution of l0-1 • 
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35. ORGANOLEPTIC (SENSORY) 
MEASUREMENT OF QUALITY AND SPOILAGE 
Food commodities need to be produced to a level of quality which 
will satisfy both the customer and statutory food legislation. In 
many ways, the quality requirements of the customer are more 
difficult to satisfy because the consumer assesses the quality of a 
product by entirely subjective means, i.e., by sensory evaluation 
of appearance, colour, odour, taste and texture, plus the visual 
appeal of the packaging and presentation. 
It is therefore the responsibility of the manufacturer to develop 
methods which can evaluate the sensory properties of a food as 
accurately as possible. Subjective methods will often have to be 
used, such as sensory (taste panel) tests, but it may sometimes be 
possible to use objective methods. 
Objective measurements of food quality such as those described in 
the previous chapter are only preferable if they can provide a precise 
measure of the subjective quality being considered. 
Sensory methods 
A sensory method is one in which subjective judgements are made 
by individuals. Numerical scoring or ranking systems may be devel-
oped to evaluate the judgements, or the results may be expressed 
simply in the form of pass/fail, acceptable/ defective for example. 
Objective methods 
In an objective method, a calibrated scientific instrument is used 
to measure a specific parameter of quality, usually on a numerical 
scale. 
Problems of assessing fish quality 
1. Many hundreds of fish species, all with distinct physical, chemi-
cal and sensory characteristics, are sold throughout the world. 
2. Fish is the only major food item over which there is virtually no 
control before harvest or slaughter. It is also one of the most 
perishable items of food. 
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Organoleptic (Sensory) Measurement of Quality and Spoilage 
The methods used to achieve these aims can be divided roughly into 
two categories. 
1. Product rating This is grading on some agreed numerical or 
descriptive/hedonic scale and is carried out by a small panel of 
well trained judges. 
2. Difference testing This is usually performed by a panel of 
sensitive judges who lack any particular expertise or elaborate 
training. 
Panel selection and training 
Prospective taste panel members must be in sound health, self-
motivated and of even temperament. They should first be screened 
for primary taste sensitivity and reliability. Members should consis-
tently be able to detect and recognize the four primary taste com-
ponents of 
• sweetness, of 1. 5% sucrose 
• saltiness, of 0.15% sodium chloride 
• sourness, of 0.06% citric acid 
• bitterness, of 0.005% quinine sulphate. 
Many individuals will be able to detect these components at con-
centrations considerably lower than the above levels. Initial 
detection (differentiation from water for example) is also likely to 
occur at a lower concentration than that required for recognition 
of the primary taste concerned. 
If the evaluation of odour is a major part of the sensory test, pros-
pective judges must be able to demonstrate a good 'odour memory'. 
It is generally advisable to ascertain their futur performance by 
testing odour recognition with stoppered bottles of some of the 
commoner chemical smells such as acetic acid, ammonia, amyl 
acetate, aniseed, benzaldehyde, linseed oil, menthol, peppermint 
and vanillin. 
Finally, prospective members should be able to discriminate the 
different qualities of the foodstuff under test. Discriminatory skills 
are not necessarily general; a good wine taster, for example, may 
not be a good judge of fish. 
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Legislation and Standards for Fishery Products 
Codes have been prepared for 
• fresh fish (FAO Fisheries Circular 318) 
• frozen fish (FAO Fisheries Circular 145) 
• smoked fish (FAO Fisheries Circular 321) 
• canned fishery products (FAO Fisheries Circular 315) 
• salted fish (FAO Fisheries Circular 336) 
There are also codes for the handling and processing of cephalopods, 
lobsters, and shrimps or prawns. 
A typical code of practice document contains sections on 
• scope 
• definitions 
• raw material and ingredient requirements 
• handling and processing requirements at sea and on shore 
• end product specifications 
NATIONAL STANDARDS 
Governments of all countries recognize that they must assume 
ultimate responsibility for health. Therefore, public health 
problems arising from the consumption of fish products come under 
the jurisdiction of the national or local food laws. These are usually 
enforced by a team of official inspectors whose responsibilities, in 
addition to hygiene surveillance, may include ensuring the absence 
of certain chemicals or parasites, or pathogens from fish products. 
Most governments also assume responsibility for enforcing fair 
trading practices, such as correct descriptions 1 labelling and weights 
and measures, which affect the fish industry. 
There is still disagreement over the use of certain additives in fish 
products. These include 
(a) traditional preservatives such as salt, vinegar and smoke 
compounds, which are usually permitted, and antibiotics, 
such as tetracycline which may be banned; 
(b) colouring matters (from a permitted list) which are often pro-
hibited in raw: or unprocessed fish but which may be allowed 
in certain processed fish products . Different countries have 
different permitted lists; 
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Legislation and Standards for Fishery Products 
Although Indian standards are pertinent to conditions in India, they 
are often used as models by standards institutions in other countries 
when formulating their own documents. The Indian standards also 
relate to products peculiar to the tropical world, such ·as the sun-
drying of fish, the making of shark fins, fish swim bladders, etc. 
which are not covered by any particular standards elsewhere. 
Although there is no mandatory obligation for industries to adhere 
to the standards, the BIS was established, amongst other things, to 
promote quality. Companies can apply to have their products 
certified by the BIS. This entitles them to display the Standard Mark 
which indicates to the purchaser that the product has been produced 
to a certain standard and that the quality is therefore assured. 
Canada 
Canada has the most highly developed and extensive system of 
official inspection for fish products of any nation. Regulations are 
enforced by the Fish Inspection Act. On arrival at port, all types of 
fresh fish are sorted into three grades of freshness. A similar com-
pulsory grading system is in operation in the canned salmon 
industry. Canada also has a comprehensive set of mandatory stan-
dards, formulated by the Fisheries and Marine Service (Department 
of the EnvironmentL for most commercial fish products; they are 
very detailed and usually specify two acceptable grades. 
USA 
The Food and Drug Administration (FDA) is responsible for the 
formulation of processing standards, the inspection of imported 
products, and surveillance of processing establishments with 
respect to public health. Imported foods are subject to the provisions 
of the Federal Food, Drug and Cosmetic Act; if they are imported 
in consumer sized packaging, the Fair Packaging and Labelling Act 
will also apply. USA product' grade standards', using a three grade 
system, have been formulated in conjuction with industry and 
others, for about 15 major frozen products sold by the National 
Marine Fisheries Service. 
Japan 
Mandatory inspection of chilled and frozen fish landed from fishing 
vessels at Japanese ports is carried out by highly trained officials 
employed by the Food Inspection Service. The inspections involve 
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These Directives must be enacted in law by EU member states. The 
resu1 ting regulations will replace current EU national regulations 
and will eventually lead to the harmonization of hygiene standards 
throughout the EU. Member states will implement the Directives 
with their own regulations. 
The annex of Directive (91/493/EEC) includes chapters on 
• design and equipment of factory vessels 
• handling and storage on board 
• landing procedures and equipment used 
• factory design and operation 
• processing methods 
• packaging 
• storage and transport. 
Non-EU countries (including developing countries and excluding 
members of EFT A) who export toEU countries must comply with 
the standards set out in these regulations. An element of equivalence 
is written into the EU Directives which demands that prospective 
importers to EU countries must comply with the regulations as 
though they were operating within the community. Inspections of 
exporting factories or factory vessels may be carried out by EU 
officials to check that Directive standards are being adhered to. 
The general aim of the EU is the harmonization of legislation 
throughout the 12 member countries, so that legal barriers to the 
free movement of goods within the EU can be effectively removed. 
It is hoped that once a product has been imported into one of the 
member countries, it will be able to pass freely from country to 
country without further inspection. 
General 
Until the regulations came into force, the arrangem nts for inspect! 
ing fish and fish products in the different EU countries were very 
varied. However, the member countries are now committed to 
uniformity and incorporation of the regulations into their own 
standards. 
United Kingdom 
Various codes of practice relating to hygiene in the retail industry 
and the transport and handling of fish have been published jointly 
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in the UK by the Ministry of Agriculture1 Fisheries and Food (MAFF) 
and the Department of Health and Social Security (DHSS). These 
are complemented by Recommendations on Cleaning in the Fish 
Industry (BS 4259/1968) published by the British Standards Insti-
tution. (The DHSS has now been separated into the Department of 
Health and the Department of Social Security.) 
The UK Association of Frozen Food Producers has published recom-
mendations for the handling1 production1 distribution and retailing 
of frozen foodi much of this is relevant to the frozen fish industry. 
A similar publication entitled Guidelines for Good Hygiene Prac-
tice from Manufacture to Retail of Chilled Foods has been produced 
by the Chilled Food Association. 
The Food Safety Act of 1990 resulted from a long-term review of UK 
food legislation and is an updated version of the 1984 Food Act. The 
Act was produced jointly by the MAFF and the Department of 
Healthi it aims to control all aspects of food safety throughout the 
food distribution chain. The Act brings food law into line with 
modern food production and preparation practices 1 and it allows the 
Government to comply with the requirements imposed by EU 
membership. Its enforcement is the responsibility of local govern-
ment. Amongst other things1 the Act makes the selling of food which 
is injurious to health1 unfit for human consumption1 or contamina-
ted1 illegali it is also an offence to sell food which is not ofthe nature1 
quality or substance demanded by the purchaser. The Food Safety 
(Fishery Products) Regulations 1992 were produced under the 
provisions of the Food Safety Act 1990 to take account of EU 
regulations. A Code of Practice is also being produced under the Food 
Safety Act for the enforcement of these regulations. 
Minimum compositional standards for fish pastes1 spreads and fish 
cake products have been set by UK legislationi the addition of 
colouring matters1 preservatives and anti-oxidants is also controlled. 
The following UK food legislation applies to fish and fish products. 
• Food Hygiene (General) Regulations 1970 
• Food Safety Act 1990 
• The Food Safety (Fishery Products) Regulations 1992 
• The Food Safety (Live Bivalve Molluscs and Other Shellfish) 
Regulations 1992 
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Atlantic, North 140 
audits 388 
Australia 89, 209 
autolytic spoilage 43-5, 48-51 
and freezing 146, 172 
in marinades 274, 277 
and packaging 193 
autoxidation 397 
Bacillus spp. 298-304 
bacteria, salt-tolerant see halophiles 
bacterial diseases in molluscs 221 
bacterial spoilage 43-5 7, 77, 78 
in canning 298-304 
in dried fish 250, 251-2 
and fish handling 79-83 
and freezing 146 
and irradiation 323 
in lactic acid fermentation 286 
measurement of 398-9 
in marinades 274, 277 
and packaging 193 
and salting 225, 228-9, 231-2, 251-2 
bagoong 279 
bags and sacks 197-9, 207-9 
for fishmeal 360, 361 
see also packaging; pouches 
balances and scales 66-7 
bambangin 25, 3 7 
banak 26, 325 
Bangladesh 6, 55, 325, 327 
barbel25, 37 
barracouda 25 
baskets 198-200 
batch freezers 151-3 
bating process 339 
beche-de-mer 330-31 
beetles 242, 255 
belachan 279, 281-2 
belly burst 44, 46, 82 
belt freezers 153-4 
benzoic acid 279-80 
beta irradiation 320 
pig eyed tuna 396 
biogenic amines 47, 371-2, 391-3 
biotin 28 
bisugo 26, 325 
bivalves 40 
black box drying 50 
blackfish 330 
blast freezers 149-54 
bleach 190, 191 
bleaching of fish oils 366 
430 
block-frozen packs 197 
block-ice plants 106-9, 123 
block-ice storage 120-22 
blowflies 241-2, 252-5 
blue whiting 348 
bluefin tuna 396 
bluefish 25 
board packaging 195-8 
boil-in-the-bag 202 
boiled dried anchovies 233 
boiing 50, 289-92 
Bombay duck 26, 324 
bone 27, 31, 74, 75 
bonefishes, poisoning from 370 
bonga 25, 90 
bonito 371, 418 
boric acid 280 
Boscia senegalensis 254 
botulism 20 7; see also Clostridium spp. 
Bourdon tubes 68 
boxes and boxing 87, 94-6, 97-8, 
194-6, 270; see also containerized 
bulk stowage 
Brazil293, 327 
bream 25, 37, 396; see also tilapia 
brevetoxins 370 
brine 51, 227 
freezing 158-9 
salting 229-30 
strengths 68, 69, 230 
see also salt 
brinometers 68, 230. 
buckling 267 
building design 179-86 
bulk retail packs 203-4 
bulk storage 
cold store 171-2 
fish room 93-4, 97 
see also containerized bulk stowage 
bumper 25, 90 
Burma 279, 281 
burrito 90 
butylated hydroxytoluene (BHT) 361 
by-catch 1, 3 
for fishmeal356 
losses 3-4 
shrimp 1, 345, 348 
by-products 330-43; see also fish body 
oils; fishmeal · 
cadaverine 3 72 
cadmium 373 
caesium 137, 319 
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coffee waste fuel 262 
cold marinades 273-4 
'cold shock' reaction 44 
cold stores 160-72 
cold-smoking 51, 259 
collagen 333 
colour changes 45, 47, 228, 231, 251-3, 
325 
colour measurement, TMA analysis 
393 
colourings 282, 420, 426 
communications 178 
conger eel 351 
consumer preference 52, 53, 413 
consumer research 403-13 
consumer self-service 200 
consumption rates 3 
contact freezers 149, 155-8 
containerized bulk stowage 137-40 
containers 
for air freight 209-11 
aseptic 204-7 
traditional198-9 
see also specific types 
contaminants 29, 82,376-82, 419; see 
also pollutants 
continuous air blast freezers 152-5 
Convention on Trade in Endangered 
Species (CITES) 223 
Conway micro-diffusion method 
392-3,400 
cooked marinades 273, 275 
cooking 
effect on composition and nutritive 
value 30 
in fishmeal production 360 
oil272 
by smoking 259 
cooling methods 79-83, 305-7 
copper 32, 227, 228, 363 
coral fish 353 
corvina 91 
costs 53, 60-61, 315-6, 318, 326 
crab 
edible yield 37 
frozen, storage life 172 
meat standards 418 
nutritional composition 20, 23, 26 
packaging 197, 208 
waste, chitin content 39 
see also king crab 
crackers 333-5 
crlltes 198-9 
creatine 28 
432 
credit 58-9 
croakers 325, 348, 351 
crustaceans 
canning 294 
degradation 395 
live carriage 221-3 
physical structure 38-40 
processing waste, chitin content 39 
products 6 
see also specific types 
Cuba 340 
cured fish, post-harvest losses 3-4; see 
also marinading; pickling; salting; 
smoking 
cuttlefish 40, 41 
Cybium spp. 290 
dapang 26 
data loggers 66, 67, 70 
date-marking 17 4 
DDT 254,373 
debt 58-9 
Decapterus spp . 91, 92, 291 
deep freezing 147 
defrosting 146, 175; see also thawing 
dehydration 161, 170, 171, 175, 193, 
203 
demersal fish, physical structure 34-8 
Denmark356 
deodorizing of fish oils 366 
depuration 221, 382 
Dermestidae 255 
detergents 77, 189, 190 
deterioration see spoilage 
diarrhoetic shellfish poisoning (DSP) 
369 
dichlorofluoromethane (R12) 105, 160 
dichlorvos 254 
difference testing 404, 405, 412-3 
dimethylamine (DMA) 393 
dinoflagellates, and poisoning 369-70 
Diptera 241-2, 252-5 
discoloration see colour changes 
disinfectants 189, 190, 191 
disinfestation see insect control 
DMA393 
DNA319 
doors 168-70, 182 
dorab 25, 353 
dormic acid 3 70 
double freezing 148 
drains 181 
dressed fish 7 4 

Index 
premises 177,356-9. 
production methods 357-9, 364-5 
small-scale production 364-5 
flake-ice plants 109-12, 123 
flake-ice storage 118 
flavour 45, 324-5, 408; see also off 
flavours 
flocculating agent 339 
flooring 167-9, 180-81 
flow meters 70-71 
fluidized bed freezers 154 
foil laminate<;! packaging 206, 310 
food additive standards 419, 420 
Food and Agriculture Organization 
(FAO) 416, 419-20 
food laws 415-6 
food preservative standards 420, 426 
food safety 415, 425-6 
fragmentation of dried fish 256 
Frankfurter sausage 347 
free fatty acid content (FFA) 397 
free radicals 32, 319, 321, 324 
freeze drying 244, 313-8 
freezer burn 17 5, 193, 203 
freezers 149-60 
home freezer packs 203 
freezing 30, 49, 142-8, 148-72 
boiled mussels 292 
frogs' legs 340-41 
need for speed 131, 145-6 
and spoilage 45, 47 
rates 147 
trays 155-6 
see also frozen fish 
fresh fish, code of practice 420; see also 
wet fish 
freshness measurement 390-400, 422 
freshwater fish 
brining 230 
live carriage 218-20 
fried fish crackers 333-5 
fried marinades 273, 275 
frigate mackerel 290 
frogs' legs 340-41 
frost formation 203-4 
frost heave 167-8 
frozen fish 
code of practice 420 
packaging 195-8, 203-4 
surimi 348-50 
see also freezing 
frying 30, 2 72 
frying sausage 346-7 
fuels, alternative 247-8, 262 
434 
fumigation of dried fish 255 
fungi see moulds and fungi 
fusilier 90 
Gambierdiscus toxicus 370 
gamma ray irradiation 319-20 
Garcinia camboges 280 
gas liquid chromatography 393 
gastroenteritis 382 
gastropods 40 
gelatin 333 
gender importance 59 
Ghana198, 199,260,264-5 
gills, removing 82 
glass packaging 207, 275, 284, 310 
glazing 170-71, 172, 174, 208 
global warming 105 
glucose 28 
glycogen 10, 24, 220 
goatfish 26 
grading systems 407-12 
gray mullets 91 
grenadier 90 
groupers 26, 90, 370 
grunt 91 
gutting 73, 74-5, 82 
haddock 23, 90, 172, 267, 409, 418 
haemoglobin 22 
hake 20, 37, 90, 348, 393, 418 
halibut 22, 23, 90 
liver 35 
oil335 
halophiles 227, 228-9, 236, 251-2,279 
hampen 351, 352 
handling, wet fish 73-83; see also live 
carriage 
hardening of fish oils 366 
hatches, cold stores 170 
Hazard Analysis and Critical Control 
Point (HACCP) 386-7 
HCFCs 105 
headpans 198, 199 
heart disease 338 
heat processing, effect on composition 
and nutritive value 30-31 
heat resistance of bacteria 298-304 
heat transfer in canning 294-6 
heavy metals 373 
hepatitus A virus (HA V) 381-2 
herring 
canning 204 
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kembung 290, 291 
kench salting 229, 231 
Kenya 254 
keropok 333-5 
ketfap-ikan 279 
kilns 260-67 
king crab 208 
kippers 206, 267 
Kjeldahl method 12-13 
Kjeltec system 13 
klipperfish 418 
knives 73, 76-77 
Korea 340 
krill1 
krupuk 333-4 
labelling 
in cold stores 171-2 
irradiated foods 213, 326, 327 
on packaging 212-4 
quality assurance 388 
standards 419, 420, 422, 426 
lacquers 204, 311 
lactic acid 28 
fermented fish products 286-7 
Lactobacillus sp. 323 
Laos 279 
layang 291 
layered packs 197-8 
leaching 29, 98 
leaker spoilage 306 
leather fish 396 
leathers 338-9 
legislation 415-6 
lighting, fish working premises 183 
lime 339 
lime juice 276 
lindane 254 
liquid gas freezing 159-60, 318 
liquid immersion freezers 159-60 
Listeria sp. 321, 379-80 
live bait 223-4 
live carriage 178, 209, 216-24 
live fish sales 216-7, 220 
livestock feeds 2, 356, 362-4, 367 
lizard fish 351, 354 
lobster 
edible yield 3 7 
frozen, storage life 172 
live carriage 221-2 
nutritional composition 23, 26 
packaging 208-9 
standards 418, 420 
436 
waste, chitin content 39 
loins (definition) 74 
losses 
from cooking and processing 29-32 
post-harvest 3-4 
low-co~t fish drier 247 
Lucilia spp. 253 
lung fish 91, 272 
lysine 31, 363 
mackerel 
boiling 290, 291 
fermented 280-81 
irradiation 323-4 
muscle structure 38 
nutritional composition 10, 23, 26, 
38 
rancidity 32 
scombroid poisoning 3 71 
sea water chilling 132 
standards 418 
storage life in ice 88, 90"-
stowing catch 129 
seealsoalumahan; Chilean, Faughn's, 
Japanese and Spanish mackerel 
macrid 396 
'Maelstrom' process 186 
magnesium 25, 27, 363 
chloride 227-8 
sulphate 227-8 
mahi-mahi 371 
Maillard reaction 31 
maintenance, fish working premises 
185 
maize cobs as fuel 262 
maize-fed carp 367 
Makassar fish 281 
Malawi 4, 254 
Malaysia 132, 279, 281, 290, 333-5 
Maldive fish 269 
Mali 254 
mam-ca 279, 281 
mam-tom 281 
manganese 363 
marinades 51, 20 7, 27 3-77 
marketing 59-61, 192 
markets and retail facilities 100-104 
marlin 353 
mas min 269 
measuring instruments 63-72 
menhaden 348, 356, 357, 364 
mercury 29, 373 
mesopelagic species 2 
mesophiles 302 
metals, for cans 309-10 
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choice of 193-4 
and fat oxidation 47, 193 
of fishmeal360, 361 
of freeze dried products 316 
of frozen fish 203-4 
live shellfish 221-3 
retortable 309-11 
smoked fish 202, 207, 270 
traditional types 198-9 
see also specific materials and 
containers 
padec 279 
paints 367 
paksiw276 
pallets 171 
panelling 306 
Pangkor Island fleet 132 
pantothenic acid 28 
paper sacks 361 
paralytic shellfish poisoning (PSP) 369 
parang 25 
parasite control319 
paratyphoid 221 
pastes, sauces and spreads 51, 207, 
281-6, 426 
pasteurization 209 
patis 279, 285 
peaking 305 
pelagic fish 
histamine poisoning 47, 371-2 
physical structure 34-8 
post-harvest fish losses 3-4 
peptides 28 
perch 90, 418; see also Nile perch 
peroxide value (PV) 397 
Peruvian anchovy fisbmeal356, 363 
petroleum hydrocarbons 29 
phenols 259 
Philippines 6, 25-6, 247, 276, 279, 
285-6,290,325,331 
phosalone 254 
phosphine 255 
phosphorus 25, 27, 363 
physical methods of quality assessment 
399-400 
pickle salting 229, 231-2 
pickling 207, 279-80; see also 
marinading 
picric acid test 393 
pigs 363, 364 
pilchard 311, 356, 357 
pindang 291-2 
pinking 251-2 
pirimiphos-methyl242, 254 
438 
pitot tubes 71 
pla-jao 287 
pla-paeng-daeng 287 
pla-ra 286, 287 
pla-som 287 
pla-thu-khem 285 
plaice 90, 172 
plant design 177-86, 312 
plastic 
cans 206 
fish boxes 194-5 
foams 165-6 
pouches 205-6, 310-11 
strip curtains 169 
plate techniques 39 - 9 
plate-ice plants 112-3, 123 
plug-in units (cold stores) 164 
Plesiomonas shigelloides 381 
poisoning 221, 369-74, 376-82 
pollack, Alaska 346, 348, 351, 353 
pollutants 29, 185, 373-4; see also 
contaminants 
pollution 
and bacteria on fish and shellfish 46 
from effluent 177, 185 
from fishmeal production 361-2 
and live carriage 217-9, 221 
polybrominated biphenyls (PBBs) 
373-4 
polychlorinated biphenyls (PCBs) 
373-4 
polyethyleneinpackaging 194-7,211, 
361 
polyisobucylene 202 
Polynemus spp. 290 
polyphosphates 201, 349, 421 
polypropylene 196, 201, 310 
polystyrene, expanded 165-6 
packaging 195, 196, 201, 211 
polythene packaging 194-7, 211, 361 
polyruethane foam 166 
polyvinylcbloride (PVC) 201 
polyvinylidene chloride 201, 202 
potassium 25, 27, 363 
pouches, flexible 202, 205-6 
retort 310-11 
poverty, rural55-6 
power supply, fish working premises 
178 
pra hoc 279, 281 
prawns 
farmed, suitable feed for 22 
freeze dried 318 
freezing 148, 159-60 

Index 
salt 225-9, 251-2 
absorption, in sea water chilling 131 
and bacterial spoilage 51 
burn 229 
content analysis 397, 398 
uptake rates 225-6 
salted fish 
cakes 345-6 
drying 230, 232-4, 241 
quality control250-56, 397-8 
standards 418, 420 
salting 51, 52, 131, 207, 225-34 
before smoking 258, 260 
effect on composition and nutritive 
value 30, 31-2 
sampling 405-13, 419 
sand fish 30 
sandlance 26 
sanitation, fish working premises 
177-91 
sanitizers 189 
Sarcophaga spp. 253 
sardine 
brining and salting 230, 233 
canning 204, 293, 294, 207 
marinading 2 7 3 
nutritional composition 20, 23, 26 
packing 98 
scombroid poisoning 371-2 
smoking 268 
standards 418 
storage life of frozen 172 
8towing 129 
sashimi freezing 147-8 
sauces see pastes, sauces and spreads 
sausages 346-7 
sawdust, and smoking 259 
saxitoxin 369, 3 70 
scales and balances 66-7 
scallops 3 7, 197 
scampi 37 
Scandinavia 140; see also specific 
countries 
scombroid poisoning 371-2 
scoring systems 406-12 
sea bass 370 
sea bream 25, 90, 91 
sea cucumber (sea slug) 40, 330-31 
sea fish, live carriage 216-8 
sea water chilling methods 81 , 129-40, 
380 
sea water ice 116-7 
'sea-food' lacquer 204 
sealing cans 295-6 
440 
seamers 296-7 
seaweeds 340 
Sebastes spp. 26, 90, 409 
selenium 363 
self-service retailing 200 
sensory measurements of quality 
387-8,402-13 
separators 344-5 
Seychelles 209 
shagreen 338 
shark 
fat content 23 
fins 331-2, 422 
fish balls 354 
liver 35 
oil335-6 
protein content 20 
skin 35, 338-9 
sharp freezing 147 
sharp-toothed eel 351 
shattered packs 198 
shelf-life 
boiled fish 289-92 
fish paste 207 
fried fish 2 72 
.marinaded fish 273, 274, 275, 276-7 
salted/ dried fish 226, 230, 233-4 
see also storage life 
shell-ice machines 113 
shellfish 
boiling 292 
carbohydrate content 10, 24 
live carriage 220-223 
packaging 197, 202, 203, 207-9 
poisoning 369-70, 372, 382 
waste .(chitin / chitosan) 39, 339 
see also specific types 
shelving 94, 97 
Shewanella putrifaciens 323 
Shigella 46, 322, 380 
shop premises see retail sales facilities 
shrimp 
anatomy40 
aquaculture 56-7, 379 
by-catch 1, 345, 348 
canning 131, 308 
crackers 333-5 
exports 6 
freezing plant layout 172 
frozen, storage life 172 
irradiation 323, 325, 32 7, 380 
packaging 197, 202, 207-8 
poisoning 380 
standards 418, 420 
Sierra Leone 261 
silver nitrate test 398 
Singapore 331 
Airlines 210-11 
siting of fish working premises 177-8 
skate 90 
skinning 74, 75 
skins 338-9 
small round structured viruses (SRSVs) 
381-2 
smokeless fuel driers 24 7-8 
smoke meters 72 
smoked fish 
code of practice 420 
hams 352 
packaging 202, 207, 270 
salt and moisture analysis 397-8 
sausages 34 7 
storage 258, 259 
smoking 50-51, 52, 258-70 
effect on composition and nutritive 
value 31 
fat oxidation 47 
snappers (Lutjanus spp.) 23, 25, 37, 90, 
370 
socio-economics, artisanal fisheries 
54-61 
sodium 25, 27, 30, 32, 363 
carbonate 227 
chloride see salt 
sulphate 227 
soft-ice machines 115-6 
.solar drying SO, 244-6, 267, 269, 292, 
397, 422 
soles 26, 172 
Solomon Islands 293 
som-fak 286-7 
South Africa 356 
Soxhlet determinations 12 
Soxtec system 12 
spade fish 90 
Spanish mackerel26, 90 
specifications 385 
spermidine 3 72 
spermine 3 72 
spices 274, 279 
spiny eel35 
spiny lobster tails 208 
spiral plater 399 
splitting fish 73-4, 278 
spoilage 43-7, 52 
boiling 289 
canning 297-304, 306 
chilling 84, 89-92, 100 
fish livers 336 33 7 
fish oils 367 ' 
£isbmeal361 
freezing 146, 172 
handling 79-83 
irradiation 319, 320- 25 
marina des 2 7 6--7 
Index 
and poisoning 372, 380-81 
see also atttolytic spoilage; bacterial 
spoilage; quality 
spotted bat fish 90 
sprats 280 
spray lreezcrs 158, 159-60 
spreads see pastes, sauces and spreads 
squid 37, 40, 41 
Sri Lanka 26, 55, 59 
stackburn 306 
standards 415 
in tern a tional 416-20 
national415, 420-23, 424-6 
see also codes of practice 
Staphylococcus spp. 188, 189, 322, 
376-7 
steaking 74 
steam distillation analysis 392, 394 
sterilization 227-8, 296-305; see also 
chlorination; hygiene; water 
treatment 
sterol-related hydrocarbons 35 
stock control 172, 17 4 
stockfish 240 
storage 
fishmeal360, 361 
ice 118-22 
salted fish 233-4 
see also stowage 
storage life 
canned fish 293, 311 
fish in ice 88-92 
and delays in icing 91-2 
frozen fish 172 
irradiated food 320, 323-4 
smoked fish 258, 259, 267-70 
see also shelf-life 
stowage 
of cans 306 
in cold stores 171-2 
containerized bulk 137-40 
in fish room 94, 97 
strapping 204 
Streptococcus spp. 322 
Stromateus spp. 290 
struvite 311 
sturgeon 35, 332 
441 
Index 
sucrose 9 
sugar phosphates 28 
sugar-sorbitol 348-9 
sulphur staining 311 
sulphur stinkers 304 
sun drying see solar drying 
surf fish 330 
sutirni29-30, 345,346,347-53,379 
Sweden 206 
swim bladders 332-3, 422 
swordfish 32, 353, 373 
tai-pla 285 
Taiwan 6 
tanning 388-9 
Tanzania 55, 266-7 
tapioca 333-4 
tarpons 370 
tartaric acid 27 6 
taste panels 403-13 
teat fish 330-31 
temperature measurement and control 
63-66 
test designs 406-13 
tetrachlorvinphos 254 
tetracycline 420 
tetrodotoxin 3 71 
texture, and spoilage 45, 408 
Thailand 6, 59, 279, 282-7, 292, 293, 
327, 333 
thaw drip 146, 201 
thawing 148, 175, 201 ; see also 
defrosting 
The Gambia 254 
thermal arrest period 144-6 
thermal insulation, cold stores 165-6 
thermocouples 65-66 
thermometers 63-66 
thermophiles 302, 306 
thiamine 31 
thiobarbituritic acid value (TBA) 397 
threadfins 332 
tigerfish 25, 3 7 
tilapia37, 44, 80, 88, 91, 219, 262, 269, 
272, 346 
timers 67 
tin free steel (TFS) 309 
tin plate 309 
TMA see trimethylalamine 
toilet facilities 183-5 
tongkol291 
Tarry Fish Freshness Meter 399-400 
442 
total volatile nitrogen (TVN) 393-4, 
400 
toxins 
in fish 47, 369, 370-72 
naturally occurring 29, 357, 369, 
370-72 
in rancid oils 256 
in shellfish 369-70 
trader-fisherfolk relations 57-60 
training 384, 387 
trassi 279, 281 
tray fish drier 247, 248 
trays, freezer 155-6 
trays for retail packaging 200-201, 204 
trevally 26 
Trichogaster trichopterus 286 
triggerfish 26 
triglycerides 366 
trimethylamine (TMA) 28, 391-3 
oxide (TMAO) 89, 204, 391 
trolling 129 
trout 89, 90, 220 
tube-ice machines 114, 123 
tulingan 25, 37, 290 
tuna 
canning 131, 293, 307-8 
cutting technique 74 
freezing 147-8, 159 
and heavy metals 373 
histamine poisoning 371-2 
inosine in 396 
live bait for pole fishing 223-4 
nutritional composition 10, 20, 23, 
28,37,38 
physical structure 35, 38, 7 4 
products 335-6, 338, 353 
and rancidity 32 
smoking 267, 268 
standards 371-2 
storage life in ice 90 
stowing 129 
see also big eyed tuna; bluefin tuna 
typhoid 
udang bari 281 
udang gragok 281 
Uganda 262 
ultraviolet irradiation 327-8 
ultraviolet light insect attractants 180 
ultraviolet sterilization of water 186, 
221, 328 
unit cooler stores 162-4 
United Kingdom, standards 424-6 
Association of Frozen Food Producers 
425 
United States of America 
air freight 210 
fishmeal356 
Food and Drug Administration (FDA) 
212, 371, 422 
HACCP regulatory models 386- 7 
king crab 208 
labelling 212 
- oysters and clams 209 
scombroid poisoning 371 
surimi 347 
urbanization, and fish trading 59-60 
urea 28, 394 
vacuum packaging 202, 203-4, 207, 
209 
vapour barriers 166-7 
varnishes 367 
velometers 71 
ventilation Hi3 
venturi bailer 218 
vermin control 180; see also insect 
control 
vertical plate freezers 156-7 
Vibrio spp . 378-9 
Vietnam 6, 279, 282-6 
vinegar see acetic acid 
viruses 381-2 
vitamins 15, 16, 22, 27-8, 35 
in fish oils 335-8, 367 
in fishmeal363-4 
and irradiation 324 
loss of 30, 31, 32 
volatile compounds 393-4 
voltmeters 65 
Vortex fish drier 24 7, 248 
walls, cold stores 165-7 
fish working premises 182 
waste products as fuels 247-8, 262 
Watanabe's method of salting, smoking 
and drying 269 
Index 
water content of fish 23 24 25- 6 
cooking and processing lo~ses 30,31 
see also moisture analysis 
water for ice making 124 
sea water ice 116- 7 
water supply and treatment 77, 178, 
185- 6, 221; see also chlorination 
water-soluble extractives 28-9 
weights and measures 419 426-see also 
• . I I 
measurmg mstrumcnts 
West Africa see Africa We t 
wet fish ' 
code of practice 420 
distribution and retailhlg 99-104 
handling and preparation 73- 83 
packaging 194-6, 200- 201 
post-harvest losses 3-4 
wet reduction process 357-9, 360, 365 
whale meat 353 
white fish (Coregonus spp.} 90 
white sucker 35 
whiting 90, 348, 409 
wind drying 50 
windows, fish working premises 182-3 
Wohlfartia spp, 253 
women in artisanal fisheries 59, 60 
wood fuel 259, 262 
world fish catch 2 
world fisheries 1-7 
World Health Organization (WHO) 416 
X-i:ays 320 
xanthene oxidase test 397, 400 
yam 352 
yeasts 236, 302 
yellow tail 396 
yellow walleye 90 
Yersinia enterocolitica 381 
Zambia 269 
zero cabinets 173-5 
zinc 363, 364 
carbonate 311 
oxide 311 
443 
